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INTRODUCTION 
By Keijo Haavikko, Viatek Ltd., Itätuulentie 1, P.O. Box 4, FIN-02101 Espoo, Finland; 
Thomas Zinimie, Civil Engineering Department, Rensselaer Polytechnic Institute, Troy, 
NY 12180; Jouko Saarela, Finnish Environment Institute, Kesäkatu 6, P.O. Box 140, FIN-
00251 Helsinki, Finland and Marika Tähtinen, Viatek Ltd., Itätuulentie 1, P.O. Box 4, 
FIN-02101 Espoo, Finland 
The Third International Workshop on the Use of Paper Industry Sludges in Environmental 
Geotechnology and Construction was organized by Viatek Ltd. and the Finnish Environment 
Institute in cooperation with Rensselaer Polytechnic Institute and it took place in Espoo, 
Finland, at Helsinki University of Technology, June 1-4, 1999. The workshop participants 
came from seven different countries. 
The Third Workshop consisted of seminar type presentations, discussions and field trips. In 
addition to purely technical presentations, environmental and economical aspects were also 
highlighted and even a new paper sludge marketing company was presented. A field trip 
excursion was made to municipal Koivissilta and industrial Kaipola landfills, which are covered 
by paper sludge materials during after-care, and to a road construction site in Jämsä, where 
several by-product materials are being tested for road reparation and maintenance. 
The first idea of "A Paper Sludge Workshop" originated due to the fact that paper is produced 
in most countries of the world and huge amounts of sludge are produced as by-products. The 
environmental and economical demands have created a need to find new disposal, recycling and 
reuse possibilities for industrial by-products. This is why research work is being conducted 
worldwide. International workshops provide an important forum for exchanging ideas and 
results as well as getting publicity. 
As was the case with the previous two workshops, the Third Workshop was also very 
interesting and there was something new for everyone, even though one year between the 
workshops seems quite a short time period. The papers that were presented during this 
workshop and also a couple of additional papers are published in the proceedings. 
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TECHNICAL POSSIBILITIES FOR PAPER SLUDGE 
UTILIZATION 
Thomas F. Zimmie and Juan D. Quiroz, Civil Engineering Department, Rensselaer Polytechnic 
Institute, Troy, NY 12180-3590 
ABSTRACT 
This paper will provide a summary of the possible and current 
applications of paper mill sludge in geotechnical and 
environmental geotechnology construction. The geotechnical 
behavior of paper mill sludges will be presented to show its 
unique behavior and properties. For example, the ability of paper 
mill sludges to achieve low hydraulic conductivities (less than 10-9 
cm/s) is an important characteristic, especially in environmental 
geotechnology problems related to waste containment systems. 
Paper mill sludge has gained popularity internationally, within 
the European Community, Canada, South Africa and United 
States. Examples of paper mill sludge applications include 
landfill hydraulic barrier layers, landfilling operations daily 
cover, landfill barrier protection layers, semi-permeable reactive 
barriers, and paper sludge-fly ash mixtures used in lightly loaded 
foundation systems. The increasing use of paper mill sludge in 
construction represents a fraction of the rapidly growing area of 
recycled geo-materials. This type of technological innovation is 
beneficial to countries where landfill space is limited and the 
production of industrial waste (residual) materials is high. 
INTRODUCTION 
The innovative application of using paper mill sludge as a construction material that makes 
beneficial use of residuals from the paper making process is relatively new. In the area of recycled 
geo-materials, recycling paper sludge for use in construction projects represents only a small portion 
(Swyka 1996 and ASTM 1997). The purpose of this paper is to provide an overview of the 
applications of paper mill sludge in geotechnical construction. Using paper sludge recycles and 
0 
minimizes the amount of waste products produced by paper mills. Also, it can be a win-win situation 
for the paper companies who save the cost of paper sludge disposal and the tax payers who save the 
cost of alternative construction materials since the paper sludge is offered at little or no cost. 
Currently, several nations within the European Community (e.g., Finland, Spain and Sweden), 
also Canada and South Africa are investigating the possibility of implementing paper sludge as the 
hydraulic barrier material in landfill cover systems. This research has also led to new applications 
of paper sludge materials, namely paper sludge-fly ash mixtures (Forsius 1997, Lahtinen 1997 and 
Ronkainen 1997). The advantages of using these mixtures is that the shear strength is increased and 
the compressibility is decreased. The end result is a material that can be used in roadway bases, 
parking lots and other light foundation systems. Therefore, the use of paper sludge in geotechnical 
construction has proven to be a successful technology with diverse applications and the potential of 
developing on a world-wide scale. 
In this paper, the geotechnical behavior of paper sludges will be presented and compared with 
traditional construction materials such as compacted clay. A number of researchers have studied the 
basic geotechnical properties of paper sludges (Zimmie et al. 1995, Zimmie and Moo-Young 1995, 
Moo-Young and Zimmie 1996, Kraus et al. 1997, NCASI 1997, Quiroz and Zimmie 1998 and 
Forsius 1997). Paper mill sludges have high water contents, high organic contents, high 
compressibilities and low shear strengths. Moreover, the ability of paper sludges to achieve low 
hydraulic conductivities (often less than 10-9 m/s) is an important characteristic. Another important 
property of the paper sludge is its ability to adsorb heavy metals such as lead, chromium and zinc. 
As a result, paper sludge technology has merit in environmental geotechnology applications related 
to waste containment systems. 
GEOTECH ICAL PROPERTIES 
The geotechnical properties for two representative paper mill sludges, A and D, are shown in 
Table 1. Niagara clay geotechnical properties are also shown for comparative purposes. Paper 
sludge A is a blended primary and secondary sludge from a recycling paper mill that received about 
96 % of the flow from the paper mill and about 4% from the local town. Paper sludge D is a primary 
sludge, also from a recycling paper mill. Kaolin clay, representing the fixed solids in both sludges, 
is used to produce a smooth finish for writing and printing paper. 
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TABLE I. GEOTECHNICAL PROPERTIES. (Adapted from Moo-Young 
and Zimmie 1996). 
Property Sludge A Sludge D Niagara clay 
Water Content (%) 150-250 150-200 10-30 
Organic Content (%) 45-50 44 .0 
Specific Gravity 1.88-1.96 1.93-1.95 2.73 
Plastic Limit (%) 94 138 20 
Liquid Limit (%) 285 255 39 
Plasticity Index 191 117 19 
Compression Index 1.24 1.23 0.20 
It is obvious that paper sludge geotechnical properties are in a very different range when compared 
to a typical clay. The difference is mainly due to the high organic content consisting of paper pulp 
and fibers. It should be noted that the Atterberg limits of paper sludges are questionable since 
Atterberg limit tests were originally intended for fine-grained material such as clay (Zimmie et al. 
1995 and Kraus et al. 1997). Also, in some cases researchers were not able to measure these limits 
due to the fibers present in the soil matrix. Another indicator of soil behavior is the compression 
index. The compression indices for the paper sludges are considerably higher when compared to the 
Niagara clay, therefore, a high degree of compression will be expected even under light loads (Moo-
Young and Zimmie 1996, Kraus et al. 1997 and NCASI 1997). 
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Figure 1. Standard Proctor curves for sludges A and D. (Adapted from Moo-Young and Zimmie 
1996). 
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Figure 2. Initial hydraulic conductivity versus water content relationship for sludges A and D. 
(Adapted from Moo-Young and Zimmie 1996). 
Figures 1 and 2 show the standard Proctor and initial hydraulic conductivity versus water content 
curves, respectively, for the paper sludges. Corresponding values for the Niagara clay (and typical 
compacted clays), are very different compared to paper sludges. Niagara clay has an optimum water 
content of about 16% with a corresponding dry density of 17.6 kN/m3. In addition, a minimum 
hydraulic conductivity for the Niagara clay of 1 x 10-10 m/s occurs at about two to three percent wet 
of optimum water content. Both paper sludge curves (Figures 1 and 2) cover a broad range of water 
contents with corresponding low dry densities, however, the initial hydraulic conductivity ranges are 
comparable to clay and are within the range of the typical regulatory limit of 109 m/s. For this 
reason, paper mill sludges show potential as hydraulic barriers. 
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Figure 3. Undrained shear strength versus water content curve for paper sludge A in the 
Town of Montague (MA) Landfill cover (Quiroz and Zimmie 1998). 
Figure 3 shows an undrained shear strength versus water content curve for a paper mill sludge 
landfill cover that was constructed using sludge A. The curve was developed using a hand-held 
field vane and ASTM D-2574 guidelines where applicable. Notice, the low range of undrained 
shear strengths, 12 kPa to 30 kPa. For classification purposes the paper sludge would be 
considered a Asoft@ soil. Consolidated-Undrained (CU) triaxial tests were performed on 
remolded specimens of both sludges to determine the effective shear strength parameters (Moo-
Young and Zimmie 1996). Effective internal friction angles for sludges A and B were 37° and 
400, respectively, and the effective cohesion values were 2.8 kPa and 5.5 kPa, respectively. 
LANDFILL APPLICATIONS 
Hydraulic Barriers 
Paper mill sludges can achieve low initial hydraulic conductivities comparable to compacted 
clays. This is the primary reason for their use as hydraulic barriers in landfill covers. Paper 
sludge has been successfully used in a number of landfill covers across the United States and is 
currently being implemented in Europe, Canada, and South Africa (Zirnmie et al. 1995, NCASI 
1997, Forsius 1997, Izu et al. 1997, Moo-Young and Zimmie 1997, Saarela 1998, and Brown 
1998) . 
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In addition, the high compression indices (see Table I) of paper mill sludges indicate that a 
high degree of settlement will be expected under typical landfill cover overburden pressures of 
about 15 kPa to 25 kPa. During this initial settlement period, large decreases in void ratio will 
occur which will decrease hydraulic conductivity and increase undrained shear strength (Moo-
Young and Zimmie 1996, Kraus et al. 1997 and Quiroz and Zimmie 1998). 
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Figure 4. Settlement strain and hydraulic conductivity versus water content for the 
Hubbardston Landfill, sludge A. 
Figure 4 shows the settlement and the hydraulic conductivity versus time behavior of the 
Hubbardston, MA landfill that utilized sludge A. The original cover cross section consisted of 
the following: 15 cm thick top soil layer, 30 cm sand drainage layer, 100 cm of paper sludge as 
the hydraulic barrier and 30 cm of sand gas vent layer. During a two year period, the settlement 
strains reached about 17% which resulted in a hydraulic conductivity decrease of slightly more 
than half an order of magnitude from an original value of about 1 x 10-9 m/s (Moo-Young and 
Zimmie 1996). Similar trends have been documented by (Zimmie et ai. 1995, Kraus et al. 1997 
and NCASI 1997). The settlement strains for paper sludges are large when compared to the 
typical 2% or 3% expected for clay cover hydraulic barriers. Moreover, the decrease in 
14 
hydraulic conductivity is especially significant when marginal values of initial hydraulic 
conductivity are obtained. For this reason, it should be made clear to the regulators that 
considerable decreases in hydraulic conductivity will occur during the first two years and thus 
monitoring may be conducted to confirm this behavior. 
A number of factors have to be considered in the design of paper mill sludge landfill hydraulic 
barriers due to its unique geotechnical properties and behavior. The main design parameters are 
typically hydraulic conductivity and slope stability. The design and construction of paper mill 
sludge landfill covers is beyond the scope of this paper, however, for further information please 
refer to (Moo-Young and Zimmie 1995, Moo-Young and Zimmie 1997, Floess et al. 1998, 
Quiroz and Zimmie 1998b, Quiroz and Zimmie 1998c). 
Topsoil/Vegetation Layers 
Biosoil is a mixture of paper mill sludge and soil or compost used to develop a medium that 
will support vegetation and prevent erosion in landfill covers. The approximate percentages of 
each biosoil component are typically determined via test plots varying mix ratios, plant species 
and fertilizer types. It should be noted that different geographical areas require unique blends 
such that vegetation growth performance is maximized. 
The advantages of using paper mill sludge in biosoil mixtures are as follows (Laubenstein 
1998) : 
1' Paper sludge provides a large amount of water initially. 
2 Paper sludge, due to a high organic contents, has a high water retention capacity in the root 
zone. 
Since about 1987 biosoil has been used in topsoil layers in landfill cover systems throughout the 
Northeastern United States (Laubenstein 1998). Lately, the Montague Landfill in Massachusetts 
(about 3.5 ha in size) has used paper sludge in a biosoil mixture (of approximately 50% paper sludge) 
for the topsoil layer, and has also used paper mill sludge (about 1 m thick) as the hydraulic barrier 
material in the landfill cover system. This is an excellent example of how paper sludge can be used 
in landfill cover systems. From this single application, the Erving Paper Mill located in Erving, MA 
has recycled over 42,000 metric tonnes of paper mill sludge and the Town of Montague has saved 
the cost of buying clay for the hydraulic barrier. 
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Landfilling Daily Cover Material and Barrier Protection Layers 
Paper mill sludge applications in daily cover operations during the filling of a landfill is very 
useful because often paper sludges are landfilled as waste. This makes beneficial use of a waste 
product, and provides a cost effective alternative to traditional daily cover soils. Paper mill sludge 
is workable at water contents greater than 100%, however, spreading the paper sludge with typical 
landfill dozers may be difficult due to high contact pressures and the low initial shear strengths of the 
sludge. Water content control is an important factor since it affects most aspects of paper sludge 
behavior (Zimmie and Moo-Young 1995 and Moo-Young and Zimmie 1996). The daily cover must 
maintain a hydraulic conductivity on the order of 10-6 m/s or 10-7 m/s, so that some drainage is 
provided through the entire landfill. As the overburden stresses (or effective stresses) increase, the 
hydraulic conductivity will decrease (Zimmie and Moo-Young 1995, Moo-Young and Zimmie 1996 
and Kraus et al. 1997), and the hydraulic conductivity will vary depending on the water content, as 
shown in Figure 2. 
Another paper mill sludge application is for barrier protection layers in landfill cover systems. 
Generally, this layer consists of a mix of sand and sludge, usually 50-50 or 25-75. In New York 
State, for example, a 45 cm thick frost protection layer is required in landfill cover systems. The 
Corinth Landfill in New York used paper mill sludge as the hydraulic barrier and as the frost 
protection layer [18]. However, caution should be exercised when designing a landfill cover cross 
section using paper sludge because slope instabilities may be introduced by the thin veneer of the low 
strength paper sludge. 
SEMI-PERMEABLE REACTIVE BARRIERS 
Paper sludges have several properties that make their application as vertical semi-permeable 
reactive barriers feasible. In addition to low initial hydraulic conductivities (often less than 10-9 m/s), 
the high organic contents associated with paper sludges prove to be a valuable asset. The high 
organic content acts as a carbon source for microbial growth and functions as an electron acceptor 
in oxidation and reduction reactions creating sorption sites for heavy metal attenuation (Moo-Young 
and Gallagher 1997, Moo-Young and Gallagher 1997b, and Gallagher and Moo-Young 1998). When 
compared to the sorption capacity of pure kaolin clay, a component in paper sludges, the paper mill 
sludge adsorbed twice the amount of contaminant (zinc, chromium and lead) (Moo-Young and 
Gallagher 1997 and Moo-Young and Gallagher 1997b). Paper sludge-fly ash mixtures were also 
studied and showed similar results in the attenuation of heavy metals (Gallagher and Moo-Young 
1998) 
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Figure 5. A reactive impermeable barrier system. (Adapted from Moo-Young and Gallagher 
1997) . 
Figure 5 shows a conceptual layout for a reactive impermeable barrier in which both containment 
and attenuation are achieved as the groundwater slowly passes through the barrier system. To date 
no field data is available, however, laboratory studies show that paper mill sludge is effective in 
attenuating heavy metals. 
PAPER MILL SLUDGE-FLY ASH MIXTURES 
The mixture of paper mill sludge and fly ash produces a material with high shear strength. The 
fly ash acts as a binder that basically cements the paper sludge. The trade off in this situation is 
hydraulic conductivity. However, this loss may be unimportant for structural purposes as in roadway 
bases. The development of this type of construction material is only conducive in an environment 
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where both the paper and energy production industries are in close proximity (Lahtinen 1997). 
Otherwise, the costs- to develop such a hybrid material would outweigh those of traditional 
construction materials. In- Finland, where available landfill space is limited and the right combination 
of by-product producers exist, a paper sludge-fly as mixture was used as an experimental roadway 
base about 20 cm thick (Ronkainen 1997). 
CONCLUSIONS 
The innovative idea of recycling paper mill sludge as a construction material has led to a number 
of new applications and implementation techniques designed to solve real world geotechnical 
problems. The potential for this technology is enhanced by international interest from many nations 
such as the United States, European Community, Canada and South Africa. In countries where space 
is limited for landfills and the production of industrial waste by-products is high, such as Finland, 
the use of paper sludge-fly ash mixtures is a hybrid technology with additional applications. 
Examples of innovative applications that recycle paper mill sludge are: 
1. Landfill hydraulic barriers. 
2. Landfill daily cover and landfill barrier protection layers. 
3. Semi-permeable reactive barriers. 
4. Paper sludge-fly ash mixtures used as roadway bases, and lightly loaded foundations. 
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Control of Fugitive Dust Emissions In Surface Mining 
Operations Using Paper Waste Sludge 
S. J. Vitton, Michigan Technological University, Department of Civil & 
Environmental Engineering, Houghton, Michigan 49931 USA 
ABSTRACT 
Fugitive dust is a significant problem for surface mining 
operations. This is especially true for the waste product from the 
mine's milling operations, which are typically very fine-grained 
tailings and disposed of in large surface basin or impoundment. 
These basins are exposed to the atmosphere and susceptible to 
both warm and cold weather conditions. Warm weather results 
in dust being generated from a lack of moisture. Cold weather 
(subfreezing) results in the tailings freezing resulting in ice lens 
formation and subsequent sublimation of the ice. This effectively 
dries the surface tailing resulting in the potential for significant 
dusting. Paper waste sludge is being used both as a cover over 
the tailings as well as a thermal blanket to reduce fugitive dust. 
Initial tests indicate that paper sludge performs well in preventing 
fugitive dust events. 
INTRODUCTION 
A significant environmental problem in surface mining is the control of fugitive dust. 
Fugitive dust is defined as dust that is generated from non-point sources or non-
stationary sources such as haulage equipment or blasting operations. In many mining 
operations the control of fugitive dust is an important facet of the surface mining 
operation. While fugitive dust from mine haulage equipment, blasting, and general 
movement of mine materials is generally considered the main source of fugitive dust, 
a significant source of fugitive dust can also be generated from the fine-grained 
material in the mine milling process. Typical mine milling operations generate a 
significant quantity of waste products or tailings, which consists of finely ground rock 
from the processed ore. It is common for the tailing's average particle size to be in 
the 20-micron range. In this size range the particles are very susceptible to dusting 
during dry windy conditions. Since the tailings are exposed to atmospheric 
conditions, it is not uncommon for dusting to occur during dry conditions in the 
summer months. However, it has been observed that significant dusting can also 
occur during freezing periods as well. In fact, some of the largest fugitive dust 
events have occurred immediately after freezing conditions in the fall time of the year 
when cyclical freeze-thaw occurs. When this type of dusting happens, personnel at 
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the mines generally refer to the dusting as a dry freeze event. Technically, the "dry 
freezing" is the sublimation of the near surface ice frozen in the tailings where the ice 
under a given set of temperature and pressure conditions Huang and Aughenbaugh, 
(1987)). Recently, however, researchers have investigated transforms from a solid 
directly into a gas. The thermodynamics of sublimation of ice have been studied by a 
number of researchers and is an important process in the processing of food products 
as well as related to soils (Mellor (1978), de Jong and Kachanoski, (1988), and the 
significance of sublimation in geomorphic processes related to soil deposits associated 
with glaciers to (van Dijk & J. Law (1996), Law and van Dijk, (1994)). It was 
generally believed that the frozen soils near a glacier would not generate significant 
material for transport. Based on this hypothesis it was difficult to explain many of 
the aeolian (wind blown) soil deposits, which developed as the glaciers retreated. 
Considering the process of sublimation in which moisture is lost from the soil helped 
explain the mechanism by which the aeolian soils formed. In effect the sublimation 
process desiccated (dried) the frozen soil allowing the soil to be transported by the 
wind. It has been observed, that this same process occurs on mine tailings during 
freezing events. 
While dusting is a problem for both dry conditions as well as freezing conditions, it 
was been proposed that paper waste sludge be considered as a control strategy for 
preventing fugitive dust on mine tailings. The purpose of this paper is to present the 
mechanisms involved in using paper waste for both warm weather (dry) conditions 
and cold weather conditions (sublimation). 
Fugitive Mine Dust Generation 
• Mine tailings result from the crushing and grinding of ore down to a very small 
size so that the metal (typically) can be liberated from the host rock. The average 
size of the processed ore (tailings) is typically in the range of 20 microns for most 
mining operations. Once the metal has been removed from the ore, the tailings 
are disposed of in a tailing basin in the form of slurry, consisting of 55 % solids 
and 45 % water. Many basins are constructed in topographical lows such as 
valleys with dikes constructed across the valley to hold the tailings. A common 
form of dike construction is termed "upstream dike construction" in which 
subsequent dikes are constructed on top of the initial dike as shown in Figure 1. 
A key feature of this type of construction is that the tailings are discharged near 
the dike and then flow away from the dike with the water collecting (upstream) in 
a water pond on the far side of the basin. The benefit of this method is that it 
minimizes the amount of area needed for disposal of the tailings. In addition, as 
the tailings flow away from the dike particle segregation occurs with the larger 
sand size particles deposed near the dike and the smaller silt-size particles towards 
that water pond. Figure 2 illustrates a typical particle size distribution for a mine 
in North America at three different locations away from the dike. As noted the 
particle size distribution becomes finer away from the dike. 
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Two main features of the mine tailings with regards to fugitive dust generation is that 
the tailings are cohesionless and primarily in the silt size range. This makes the 
tailings highly susceptible to dusting. The main factor controlling dusting, however, 
is the presence of water, which due to capillary action holds the particles together. 
The loss of water, either through warm weather drying or cold weather sublimation, 
results in the lost of this cohesion resulting in the potential for dusting given sufficient 
wind velocity and duration. The following two sections describe the mechanic of 
dusting and the use of paper waste sludge as a control mechanism to prevent dusting. 
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Figure 1. 	Typical upstream dike construction for a tailings basin. 
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Figure 2. 	Typical tailings grain-size distribution curves for three locations on the 
basin. 
Warm Weather Dusting 
During warm weather most dusting is confined to the tailings near the dike system, 
since the particles near the dikes are higher in elevation, larger in size, and can lose 
surface moisture as moisture either evaporates or migrates downward to the water 
table. As subsequent dikes are constructed and the general elevation of the dikes rises 
above the surrounding landscape the average wind speeds will also increase as shown 
in Figure 3. In addition, as the wind encounters the dike, it increases in speed, much 
like an airplane wing, thus increasing the potential for dusting. On the opposite end 
of the tailings basin, near the water pond, the tailings stay moist due to capillary rise 
from the water table as shown in Figure 4. Since the average particle size of the 
tailings is approximately 20 micron and even smaller near the water pond, capillary 
rise can be significant resulting in high apparent cohesion of the tailings. Thus, very 
limited dusting can occur in areas in which capillary rise reaches the surface of the 
tailings. 
To control dusting a number of control strategies have been used including water 
inundation, vegetative cover, mulching, wind fences, crusting agents, and emulsions, 
which are used as binding agents. All of these controls with the exception of water 
inundation, require vehicle access on the tailings, which can be very difficult due to 
the nature of the slurry deposition into the basin. While access is a problem for a 
large portion of the tailings, most of the areas that experience warm weather dusting 
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are near the dike systems and can be accessed. The issue for these portions of the 
basins is what is the most cost effective control strategy to use. All of the control 
strategies mentioned have some limitations. For example, many of the crusting 
agents degrade due to freeze-thaw cycling, moisture variations, and ultra-violet 
radiation and may only be effective for a few weeks. Vegetative cover works very 
well but requires significant amounts of fertilizer and water to survive and can be 
costly. Water inundation, flooding the basin with water to submerse the tailings, may 
ultimately be the most effective but is technically unfeasible due to stability 
considerations of the upstream construction technique. An additional consideration 
concerning what control strategy to use is that the basins are continually rising in 
elevation. In general, the upstream dike construction method maintains a constant 
rise in the elevation of the tailings, following a two to three year construction cycle in 
which the entire elevation of the basin can be raised one to two meters per year. The 
result of this is that the tailings are now covered over by new tailings in the course of 
two to three years, thus increasing the cost of control. 
Paper waste sludge (PWS), while susceptible to the same accessibility problems as the 
other control strategies, has in some cases significant benefits over the above control 
strategies. First, if paper mills are located near an operating mine, the cost for PWS 
is generally the cost of transportation and application. Second, the environmental 
properties of PWS are well known, thus minimizing the problem of regulatory 
compliance. Third, PWS can be applied using standard farm spreading equipment. 
Fourth, paper waste sludge has the ability to hold significant amounts of moisture, 
which may be a significant factor during extended droughts. In addition, PWS can 
extract moisture from the air, especially during fluxuations in temperature. Fifth, 
PWS is essentially fiber reinforced due to the presence of wood fiber in the sludge. 
The reinforcing effect of the fibers, which bonds the paper waste together, helps form 
cover or blanket over the tailings. Sixth, PWS will not degrade over the course of 
two to three years as do most crusting agents and emulsions. 
Increased wind Flow 
Tailing Discharge 	I 
• 55% Solids by Volume 	Tailings Flow 
To water pond 
Dike System 	 Gravity Drainage 
V Larger particle size 
Figure 3. 	Dike portion of the tailing basin indication drainage and increased 
wind speed over the dike. 
Water 
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Figure 4. 	Capillary rise in a tailings basin. 
Cold Weather Dusting 
While warm weather dusting occurs near the dikes and can be controlled through 
traditional dust control strategies, most significant dusting occurs during freeze-thaw 
conditions in the fall and spring. This is especially true for the uncontrolled areas in 
the basin including adjacent to the water pond. The particles in these areas tend to 
be finer in size and are generally saturated throughout the year as illustrated in 
Figures 4 and 5. 
The first mechanism in the generation of fugitive dust is the freezing of the tailings, 
which can occur rapidly even over a 12-hour period during subfreezing temperatures. 
Given that the size range of the tailing is silt size, the tailings are highly susceptible to 
ice lens formation as the freezing front moves downward from the surface. That is, 
when freezing conditions occur the tailing start freezing from the surface downward. 
As the freezing front moves downward the water, due to capillary action, tends to 
migrate and form ice lenses (Andersland and Anderson, 1978). The amount of ice 
lens formation will be a function of the particle size, which is related to capillary 
stresses. Therefore, ice lens formation would be expected to be greater towards the 
water pond where the finer size particles are located. One of the effects of ice lends 
formation, besides soil heaving, is the removal of moisture from the soil and 
concentrating it in ice lenses. Although this occurs, the tailing/ice lens system still 
remains as a solid preventing dusting from occurring. This situation is illustrated in 
Figure 6. The second mechanism is that once water has collected into ice lenses, 
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sublimation can occur. The rate of sublimation is a function of air temperature, 
relative humidity, wind speed, and moisture content of the tailings. In general, it has 
been found that the rate of ice sublimation increases with increasing air temperatures, 
wind speed, and decreasing relative humidity (Huang and Aughenbaugh, 1987). 
Consequently, as temperatures increase towards morning after a night of freezing, 
sublimation not only occurs but also the rate of sublimation increases. Once 
sublimation starts the ice vaporizes, leaving dry tailings on top of the frozen 
tailing/ice lens system as illustrated in Figure 7. The depth of dry tailings will be a 
function of the amount of sublimation. In addition, it is possible that towards the 
water pond the ice lens formation may be greater due to the finer size particles 
(capillary action) and consequently greater sublimation resulting in a larger depth of 
dry tailings. Since these tailings are smaller in size, they are naturally also more 
prone to dusting. The third mechanism is that the frozen tailings below the dry 
tailings effectively cut off capillary water from re-saturating the dry tailings as shown 
in Figure 7. 	Consequently, until the frozen soil below the dry tailings melt, the 
tailings remain dry and susceptible to dusting. This effect can clearly be seen in the 
fall during freeze-thaw conditions. In the early morning after the tailings have 
frozen, the color of the tailings will turn to a lighter shade, as the temperature and 
wind velocity increases, indicating that sublimation is occurring and drying starts to 
develop. However, later in the morning when melting starts to occur the tailings will 
turn to a darker shade due to the saturation of the dry tailings. Once the tailings are 
saturated with water no more dusting occurs, which is generally observed later in the 
day. Significant fugitive dusting events have occurred in the fall time during freeze-
thaw events. In fact some of the largest events that occur at many mines in northern 
section of North America occur during this time. 
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Figure 5. 	Hydrologic conditions where capillary rise saturates the surface 
tailings. 
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Figure 6. 	Initial freezing of the surface tailings. 
To prevent fugitive dust generation as described above it has been proposed that 
paper waste sludge (PWS) be used. 	Three important properties of the PWS in 
regards to dusting are considered important: (1) that PWS has a lower thermal 
conductivity then the tailings, (2) that the wood fibers within the PWS act as a 
reinforcing mechanism and (3) that PWS can maintain a large moisture content. 
When applied as a cover without compaction the PWS can be viewed as a protective 
covering as well as a thermal blanket. This is illustrated in Figure 8 where the lower 
thermal conductivity of the PWS would provide three benefits. First, it would slow 
down movement of the freezing front and consequently the depth of frost penetration, 
particularly over an evening of freezing. Second, most likely very limited ice lens 
formation would occur in the PWS. Instead, water would freeze in place with 
relatively little movement. The third benefit is that it would cause water to move 
towards the interface of the PWS from the tailings. When frozen this layer of water 
would act as both a barrier to dusting and would have to vaporize prior to the tailings 
vaporizing. If, however, sufficient drying did occur, that is sublimation causes 
drying down into the tailings, then the cover and reinforcement action of the PWS 
would prevent fugitive dusting. That is, the PWS would have to be removed before 
dusting of the tailings would result. While most cover material would also have this 
benefit, the reinforcement action of the wood fiber in the PWS would essentially 
result in larger more difficult material to erode. 
Two additional benefits of PWS would be its ability to absorb moisture from the 
atmosphere and its lighter weight. The ability to absorb moisture would in effect 
increase its ability to resist dusting, second the increase moisture would most likely 
move to the thermal contrast boundary between the PWS and tailing in effect 
armoring the tailings from sublimation. The lighter weight of the PWS allows it too 
more easily spread over the tailings, which require very low bearing capacity 
vehicles. 
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Figure 7. 	Sublimation of frozen tailings and cut off of capillary ground water. 
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Figure 8. 	Application paper waste sludge over mine tailings. 
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CONCLUSION 
Initial tests using PWS to control fugitive dust have started in North America. 
Although only limited data has been collected to date to verify the benefits discussed 
above, it appears from visual observation as well as from initial dust collection 
studies, that PWS provides very good dust control for both warm and cold weather 
dusting. However, research will be required to determine the extent that PWS 
contributes to controlling fugitive dust. 	In addition, practical and economic 
considerations must be evaluated, such as methods of applying PWS on a tailings 
basin with significant access problems. This is particularly important for cold 
weather dusting where the most significant dusting likely occurs near the water pond 
where the fined grained materials in the basin are located. It is this region of the 
basin that would be most susceptible to ice lens formation and consequently fugitive 
dust events. Consequently, a significant need exists to develop techniques to apply 
PWS to these areas of the basin. It may be possible that hydraulic methods might be 
used to apply the lighter weight to these regions of the basin. 
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ABSTRACT 
In this study initial undrained shear strengths and the 
corresponding initial slope stability factors of safety for typical 
landfill cover side slopes will be presented for three paper mill 
sludges. A comparison to a compacted clay will also be 
presented. The undrained shear strengths were measured using 
laboratory triaxial tests. Total stress slope stability analysis 
results indicate that all the sludges are unstable at side slopes 
equal to 33%. At 25% side slopes, only one sludge shows 
potential as an alternative cover material (when considering 
slope stability) with a factor of safety equal to 1.3. The clay 
undrained shear strengths and factors of safety were very high 
affirming the fact that slope stability of a clay barrier layer is 
not a problem. This study shows the importance of slope 
stability as a major design concern in overall paper sludge 
landfill cover integrity. 
INTRODUCTION 
Paper mill sludge, the residual material from the paper making process, can be used 
as an alternative hydraulic barrier material in landfill covers. The ability of paper mill 
sludges to perform as suitable hydraulic barrier material has been well documented by 
several researchers (Pepin 1984, NCASI 1989, Zimmie et al. 1995, Moo-Young and 
Zimmie 1996, Kraus et al. 1997, NCASI 1997 and Floess et al. 1998). The hydraulic 
conductivities that have been measured are comparable to compacted clays, however, 
the basic geotechnical properties such as water content, organic content, Atterberg 
limits and consolidation parameters are in a different range, similar to peats. The 
construction of paper mill sludge landfill covers is also unlike that for compacted clay 
covers, requiring special modifications in the geotechnical testing program, and 
construction equipment and methods. For further information refer to Quiroz and 
Zimmie (1998) and Floess et al. (1998). 
The reuse of paper mill sludge in landfill covers saves valuable monofill space and 
reduces disposal costs if the sludge were landfilled. Typically, two scenarios exist 
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under which paper sludge may be used as an alternative cover material. First, the 
paper sludge can be obtained from the paper mill as production sludge, and second, 
the paper mill sludge can be harvested from the paper mill sludge monofill. 
The overall integrity of a landfill cover depends on a number of factors. The most 
important design considerations are hydraulic conductivity and slope stability. The 
issue of slope stability has become more important due to recent construction projects 
where slope stability problems have been encountered during construction or 
immediately after. To date little data exists on the initial undrained shear strength and 
slope stability of paper mill sludge landfill covers. Most of the work to date focuses 
on the consolidated undrained shear strength parameters (Laza 1971, Andersland and 
Charlie 1975, Al-Khafaji and Andersland 1981, Genthe 1993, Moo-Young and 
Zimmie 1996) relating to embankments stability after the sludge has consolidated. 
The purpose of this paper is to present the initial undrained shear strength from 
laboratory triaxial test data of three paper sludges at their "as obtained" water 
contents. From these strength values, factors of safety for slope stability will be 
presented. Also, a comparison with compacted clay will also be shown. This study 
will show the importance of paper sludge barrier layer slope stability in the design of 
landfill covers. 
SLOPE STABILITY OF LANDFILL COVERS 
The slope failures in landfill covers are usually at an interface, between a geosynthetic 
and soil, geosynthetic and geosynthetic, or within the soil itself. The failure modes 
are planar and typically the most critical case is the "short term," during or shortly 
after construction. Infinite slope stability analyses are suitable for planar-type failure 
mechanisms and long landfill side slopes, on the order of 30 m. See Figure 1 for the 
free body diagram. In general, the factor of safety is defined as follows: 
Factor of Safety = Resisting Forces 
Driving Forces 
and can consist of a total (short term case) or effective (long term case) stress 
analysis. A factor of safety of 1.5 is usually acceptable for landfill cover systems 
(Sharma and Lewis 1994). 
As already noted, most of the slope stability problems that occur within landfill cover 
systems occur at interfaces, as a result, they are the focus of most slope stability 
analyses. Slope failures within the clay barrier layer are rare. However, paper mill 
sludges possess low initial shear strengths, therefore, slope stability should not be 
overlooked in the overall design process. The side slopes of traditional clay landfill 
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covers are about 33 % and for paper mill sludge landfill covers has been reduced to 
around 25% to provide added stability. 
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Figure 1. Free body diagram, infinite slope analysis. 
MATERIALS 
Three paper mill sludges and one clay were tested in this study. All of the sludges are 
blended, consisting of primary and secondary wastewater treatment sludges. Two 
paper mill sludges were produced by International Paper, Inc. (IP) located in Corinth, 
NY and the third paper sludge was from Erving Paper Mills, Inc. located in Erving, 
MA. The clay was obtained from a Shelby tube sample from the completed Town of 
Corinth (NY) Landfill cover, with about 25% side slopes. One of the paper sludges 
from IP and the sludge from Erving was obtained from the plant directly as it was 
produced. The other sludge from IP was harvested from the paper sludge monofill 
located near the plant. 	Table 1 summarizes the index properties of the materials 
tested. Note that the Atterberg limits for the sludges are not reported due to the 
fibrous nature of the sludge which prevented the accurate determination of these limits 
(LaPlante 1993, Moo-Young and Zimmie 1996 and Kraus et al. 1997). The two 
sludges of International Paper, Inc. are different (water content and organic content) 
which reflects the variation of the paper quality and type produced within the same 
plant under normal operating conditions. 
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Table 1. Geotechnical properties of the materials tested. 
Water Organic Liquid Plastic 
Sludge/Soil Content Content Limit Limit • PI 
(%) (%) (%) (%) 
IP* 205 60 --- --- 
IP** 165 49 --- --- 
Erving ** 230 49 --- --- 
Corinth Clay 37.5 0 67.0 22.2 44.8 
*monofill 
**production sludge 
UNDRAINED SHEAR STRENGTH TESTING 
In an effort to quantify the initial slope stability of the paper mill sludges in this study, 
triaxial compression tests were performed to measure the undrained shear strength. 
Large diameter specimens, 76 mm, were tested in a triaxial chamber under a strain 
rate of 1 % per minute. Three tests were conducted at different chamber pressures 
(34.5 kPa, 69 kPa, and 103.5 kPa) to determine whether or not the "~ = 0" concept 
applies, that is, the material behaves as a saturated cohesive material. 
Figure 2 shows the deviator stress versus strain plot for the IP sludge which shows the 
general trend for the remolded sludge specimens. The sludges did not exhibit a peak 
deviator stress even up to 30% strain, thus failure was determined at a strain of 10%. 
The resulting Mohr's Circles were created (see Figure 3) to determine the undrained 
shear strength (tu) values. At the water contents tested, all the sludges behaved as 
saturated cohesive soils, i.e., 4 = 0. Table 2 shows the initial undrained shear 
strength values for each remolded sludge specimen tested. 
35 
30 
25 
20 
a 
Y 
15 
10 
5 
♦ IP (34.5 kPa) 
■ IP (69 kPa) 
........ . 	........................... 	 ....--:--- --..... -_ A. IP (103.5 kPa) 
won 
•*t, r~ 
• Ai • 
..... I----.. 	.~.*.Ol....:.. 	........... 	.....................:.................................. 
♦w 
	
........................ 	. ...................-----.....-.....:.....---------- 	 .. 
0 
0.00 	0.05 	0.10 
	
0.15 	0.20 	0.25 	0.30 	0.35 
E 
Figure 2. Triaxial test data, deviator stress (Ac n) versus strain (E), for IP monofill 
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The clay tested was an in-situ specimen. Only one triaxial compression test was 
performed at a chamber pressure of 34.5 kPa since it was determined that the 
specimen was 95.7% saturated. The "4 = 0" concept was applied due to its 
saturation level (near 100%) and the corresponding Mohr's Circle was plotted to 
determine the undrained shear strength. 
Measurement of the in-situ undrained shear strength of a paper sludge landfill cover 
has been investigated by Quiroz and Zimmie (1998b). A hand-held standard tapered 
field vane was utilized to obtain field shear strength values with corresponding water 
contents for the Town of Montague (MA) Landfill. 
RESULTS, SLOPE STABILITY ANALYSIS AND DISCUSSION 
Once the initial undrained shear strength of the paper mill sludges was measured a 
total stress slope stability analysis was performed. The slope stability analysis was 
based on the free body diagram in Figure 1 and the factor of safety equation which 
assumed a cover cross section consisting of a 15 cm top soil layer, 30 cm sand 
drainage layer, and 100 cm paper sludge barrier layer (or 45 cm clay barrier layer). 
The side slopes were assumed to be 33 % and 25%. 
Table 2 shows the initial undrained shear strength and corresponding factor of safety 
for each paper sludge tested as well as the in-situ clay specimen values. The clay 
values are shown for comparative purposes and clearly show that slope stability for 
clay covers is usually not a problem. The undrained shear strength for the IP monofill 
sludge has a higher strength when compared to the other sludges. The relative 
differences are especially obvious when the two IP sludges are compared. Notice that 
the water content of the IP monofill sludge is greater than the IP production sludge, 
205% versus 165%, but the shear strength for the IP monofill sludge is greater, 6.1 
kPa versus 4.7 kPa. The added shear strength even at higher water contents is 
primarily due to the larger organic content of the IP monofill sludge, 60% versus 
49%. This behavior is unlike most inorganic soils where undrained shear strength is 
mainly a function of water content. It should be noted that the IP and Erving 
production sludges, which have the same organic content, show different shear 
strengths with lower strength values corresponding to the higher water content 
material. 
The factor of safety values for all the sludges corresponding to a 33% side slope are 
less than or equal to one indicating that this slope inclination is unacceptable and 
failure is imminent. For the 25% side slopes, higher factors of safety are obtained but 
not all are above a value of 1.0 (which indicates a stable slope). The IP monofill 
sludge constructed at a side slope of 25% with a factor of safety equal to 1.3 is the 
only sludge which shows potential from a slope stability perspective assuming 
adequate hydraulic conductivity (less than 10 `' m/s) is achieved. 
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Table 2. Initial undrained shear strength and factors of safety. 
Sludge/Soil Undrained Shear Factor of Safety 
Strength (kPa) 33% 	25% 
IP* 6.1 1.0 1.3 
IP** 4.7 0.8 1.0 
Erving Paper Mills** 2.5 0.4 0.5 
Corinth Clay 48.6 10.3 13.3 
*monofill 
**production sludge 
A more thorough paper sludge landfill cover evaluation can be developed which 
investigates the undrained shear strength versus water content relationship and 
performs slope stability analyses. This type of study for a specific paper sludge would 
help define the working water content range for construction considering the important 
factor of slope stability (Quiroz and Zimmie 1998c). 
CONCLUSIONS 
The testing program in this study consisted of laboratory triaxial tests to determine the 
initial undrained shear strength of three paper sludges from International Paper, Inc. 
(IP) and Erving Paper Mills, Inc. Two sludges are production sludge from IP and 
Erving. The third sludge was harvested from the IP paper mill sludge monofill. A 
higher organic content indicated greater undrained shear strengths as observed in the 
values presented for the IP sludge. The IP monofill sludge with an organic content of 
60 % and a water content of 205 % had an initial undrained shear strength of 6.1 kPa 
compared to 4.7 kPa for the IP production sludge, with 40% organic content and 
165% water content. 
Once the initial undrained shear strength was measured, a total stress (short term case) 
slope stability analyses was performed considering 33% and 2.5% side slopes. The 
results showed that the factor of safety values for 33 % side slopes were less than or 
equal to 1.0, indicating instability or imminent failure. The factor of safety values 
corresponding to 2.5% side slopes were higher but not all greater than 1.0. The paper 
sludge with the best landfill cover potential (considering slope stability and assuming 
that the hydraulic conductivity is adequate) was the IP monofill sludge with a factor of 
safety of 1.3. 
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The undrained shear strength of the clay was much greater, 48.6 kPa, than the 
measured paper sludge values. The corresponding factors of safety were also very 
high, 10.3 for 33% slopes and 13.3 for 25 % slopes, indicating that slope stability of 
this clay barrier layer is not a primary concern. 
These results show that the initial undrained shear strength and slope stability of paper 
mill sludge barrier layers may be marginal in some cases. Slope stability safety 
factors can depend on several factors such as water content, organic content and side 
slope inclination. Therefore, when considering the overall integrity of a paper sludge 
landfill cover, the most critical failure case will probably occur within the barrier 
layer and thus should be examined closely. 
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ABSTRACT 
Paper sludge is an experimental product that is being used in the capping 
system of landfills. 	There are several landfills that have been successfully 
constructed with paper sludge in New York, Massachusetts and New Hampshire. A 
typical paper mill sludge landfill cover cross section consists of 15.2 cm (6-inches) 
of topsoil, 30-60 cm (12-24 inches) of sand, 102 cm (40-inches) of paper sludge, 
and 30 cm (12-inches) of sand. This allows the paper sludge to drain in both 
directions. Current EPA hazardous waste regulations suggest that a geomembrane-
clay composite layer be employed to minimize leachate infiltration. In a composite 
clay landfill cover, it is important to maintain intimate contact between the clay and 
the flexible membrane cover (FMC) (geomembrane), to minimize the potential for 
leachate migration to the environment. Due to the successful use of paper sludge as 
a barrier material, a geomembrane-paper sludge composite cover has been 
considered. The concern with the use of paper sludge is that the sludge is highly 
compressible and can undergo a considerable amount of settling. The settling 
ranges from 20% to 35%, with 17% occurring within the first 30 minutes. Pore 
pressures are induced when overburden pressures are applied, causing the release of 
water. The paper sludge-geomembrane interface inhibits drainage; therefore, the 
released water accumulates at the geomembrane-sludge interface. The water 
released by the paper sludge decreases the interface friction to critical values 
ultimately leading to failure. Such a slope failure occurred at a local landfill site. 
To date, there is no data available for the interface strength between paper 
sludge and geomembrane materials. This research project focused on direct shear 
laboratory strength testing between a paper mill sludge and geomembrane to 
determine the undrained interface friction at different over burden pressures 3.4, 
6.9, 34.5, 68.9, 103.4, and 137.9 kPa (0.5, 1.0, 5.0, 10.0, 15.0, and 20.0 psi) to 
simulate infield conditions and represent the failure mechanism that occurred at the 
local landfill site. The tests preformed incorporated different geomembranes 
(textured and smooth), different sludge ages, and saturation levels. 	Typical 
interface friction angles of 27° to 33°and 15° to 22°, and cohesion (adhesion) values 
41 
of 0.211 to 1.4 kPa and 0.096 to 1.0 kPa were observed for textured and smooth 
geomembranes respectively. A reduction of interface strength parameters of 2.5° 
was observed after the sludge specimens were allowed to saturate for the textured 
geomembrane. The smooth geomembrane specimens remained approximately the 
same. Natural sludge specimens consisted of sludge samples with water contents 
ranging from 200% to 250% for old sludge and 155% to 165% for new sludge. 
The results contained herein will be used to find innovated solutions for future desig 
recommendations. 
INTRODUCTION 
The constantly increasing costs of landfill closures and the limited amount of 
available clay sources have lead the way for alternative materials like paper sludge 
to be applied in landfill capping. Extensive research has been conducted on the 
properties of paper sludge [Aloisi and Atkinson 1990; NCASI 1992; LaPlante 1993; 
Moo-Young and Zimmie 1996; Zimmie 1997; Moo-Young 1997]. The research has 
shown that in spite of high water content, high organic content and low solids 
contents (compared to clay), paper sludge has the potential to replace clay when it is 
compacted and consolidated to allow for a low hydraulic conductivity. Not only 
does utilizing paper sludge in landfill capping recycle a major waste product but it 
also reduces the cost of landfill construction by $20,000 to $50,000 per acre (Moo- 
Young 1995). 	With the World focused on finding innovative solutions to 
environmental problems, using paper sludge as an alternative to clay seems like a 
feasible solution. 
The use of paper mill sludge in landfill cover systems for Municipal Solid 
Waste (MSW) has been fairly successful. Various design procedures are discussed 
and outlined in Quiroz and Zimmie, 1998. Sludge shear strength parameters have 
also been investigated in Zimmie et al. 1995 and Quiroz and Zimmie, 1997. The use 
of paper sludge materials in composite cover systems needs to be investigated. For 
standard EPA composite cover design, the clay layer must maintain intimate contact 
with the geomembrane material (EPA, 1988). Composite covers are required for 
hazardous waste materials. 	A typical composite cover consists of a clay- 
geomembrane interface. A potential problem may arise when using paper sludge, 
due to the high compressibility and high water content properties of the material. 
When low overburden pressures are applied, the induced pore pressures produced 
by the application of the loads releases water to the interface area. The paper 
sludge-geomembrane interface inhibits drainage; therefore, causing the accumulation 
of water under the geomembrane. The water released by the paper sludge can 
decrease the interface friction to critical values leading to failure at the paper sludge-
geomembrane interface (case-in-point: Local Town Municipal Landfill). 
To determine the cause of failure at the Town landfill several interface direct 
shear tests were performed. Due to the lack of available literature in this area, a 
variety of testing conditions were employed. Tests were performed using smooth 
and textured geomembrane materials at normal loads of 3.4, 4.5, 6.9, 34.5, 68.9, 
103.4, and 137.9 kPa (0.5, 0.66, 1.0, 1.17, 1.22, 5.0, 10.0, 15.0, and 20.0 psi). 
The 2-inch square and 12-inch square direct shear boxes were utilized with sludges 
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at various water contents, saturation levels, and ages. The preliminary results 
obtained from the small and large shear box tests indicated a fairly good correlation 
between testing methods. The design of the large box did not allow for saturation of 
the sludge materials; therefore, the smaller box was utilized for the saturation tests. 
The natural sludge water contents ranged from 200 % to 250% for old 
sludge and 150% to 165% for new sludge. The saturated water contents ranged 
from 280% to 375% for the old sludge. The results showed that a reduction in the 
interface friction angle of 2.5° resulted from the increased saturation levels of the 
sludge material for the textured geomembrane interface. Actual values of the 
interface friction angle for the natural sludge-geomembrane conditions were 27° to 
33°and 15°to 22° for the textured and smooth geomembrane tests respectfully. 
LANDFILL SITE CHARACTERISTICS (Case Study) 
The Town landfill consisted of 38 acres of municipal solid waste materials. 
The Town utilized paper sludge for grading fill over the entire landfill site. The 
paper sludge layer ranged from 1.5 to 3.0 (5 to 10 feet) meters in thickness. The 
side slopes of the landfill were approximately 14° or less. The cover system utilized 
consisted of a geomembrane liner placed over top of the paper sludge-grading fill. 
The slope stability problems consisted of a sliding of the paper sludge and geomembrane 
layer for a distance of 0.67 to 1.7 meters (2 to 5 feet) downslope. The problems were 
encountered during construction or immediately thereafter. Further site investigations 
indicated the existence of water flow through the sludge. Water flow was visible and audible 
through the gas vents. 
Insitu vane tests were performed in accordance with ASTM D2573 
guidelines. A Geonor hand-held field vane with a standard tapered vane and a 
calibrated torque wrench for soft soils was utilized. A total of twelve tests were 
performed on the landfill surface. The tests were conducted in the covered 
(geomembrane and sludge) and uncovered (sludge fill) landfill areas. Table 1 shows 
the results obtained in the field. Tests 1 through 6 were performed in the exposed 
paper sludge areas and tests 7 through 12 were performed in the geomembrane 
cover areas. Tests 1 and lA contained a considerable amount of sand. 
Table 1. Field Vane Shear Test Results 
TEST Undrained Shear Strength 
(kPa) 
Water Content 
(%) 
1 9.0 68.1 
lA 2.0 101.5 
2 7.0 130.4 
3 8.0 179.8 
4 7.0 233.2 
5 14.0 145.0 
6 22.0 125.4 
7 41.8 203.7 
8 5.0 NA 
9 10.0 100.7 
10 8.0 136.1 
11 0.0 NA 
12 8.43 NA 
LABORATORY TESTING PROCEDURE 
The sludge specimens used in this study were collected from the monofill 
and the treatment plant of International Paper Company in Corinth, NY. Treatment 
plant samples represented one day old sludge (IP-New) and monofill samples 
represented 2-4 years old sludge (IP-Old). Initial water contents were taken before 
each test and final water contents were taken after each test. As mentioned 
previously, natural water contents ranged from 150% to 165% for new sludge and 
200% to 250% for the old sludges. Typical IP sludge parameters can be obtained 
from LaPlante, 1993 and Moo-Young and Zimmie, 1996. 
The proctor tests results from Moo-Young and Zimmie, 1996 were used to 
prepare the test specimens. The specimens were tested at dry density representative 
of the natural water content of the specimens as obtained from the field. Dry unit 
weights of 3.67 kN/m3 for old sludge and 4.43 kN/m3 for new sludge were 
maintained for each specimen. 
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Due to the fact that paper sludge is highly compressible and can undergo a 
considerable amount of settling, specimens were prepared in the apparatus to allow 
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Figure 1: Shear Stress versus normal stress for both textured and smooth 
geomembrane on the large shear machine. 
for instantaneous settlement caused by the applied loads. The time-settlement curve 
given in figure 4.6 of LaPlante, 1993 was utilized to obtain settlement quantities. 
Direct shear strength tests were performed utilizing the large 12" x 
12" square shear box and the smaller 2" x 2" square box. Interface friction tests 
between paper sludge and geomembrane were performed in accordance with ASTM 
methods D5321-92 and D3080 modified for the geomembrane materials. The data 
for each geomembrane-paper sludge combination at each overburden pressure was 
plotted as shear stress versus strain. To create a shear stress versus normal stress 
graph the peak shear stress values were used. However, if no peak was evident on 
the stress-strain plot, the value of shear stress at 10% strain was used. A trend line 
or best-fit straight line is drawn between these points. The inverse tangent of the 
trend line slope is the interface friction angle and the y-intercept is the cohesion 
(c) or adhesion (a). A detailed discussion of the laboratory procedures used in this 
study can be found in Callahan, 1999. 
RESULTS AND DISCUSSION 
Various shear strength tests were performed incorporating different 
geomembranes (textured and smooth) and over burden pressures of 3.4, 4.5, 7, 8, 
8.4, 34.5, 70, 103.4, and 138 kPa (0.5, 0.66, 1, 1.17, 1.22, 5, 10, 15, and 20 psi) 
to simulate real life landfill cover and liner conditions. These tests included: two 
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different sludge ages, quick tests (UU-tests), and saturated conditions versus natural 
conditions. The UU tests were performed on the IP sludge to simulate the failure 
process occurring at the Local Town landfill. To determine the interface friction 
angle ( ) and the cohesion (c), for the paper sludge with a textured geomembrane 
and smooth geomembrane, the shear stress versus the normal stress was plotted. A 
best-fit straight line was drawn between these points. 
Figure 1 shows the relationship of the shear stress and normal stress for both 
a textured geomembrane and a smooth geomembrane using the large (12"x12") 
shear box. Due to the high compressibility and instantaneous settlement nature of 
the paper sludge, some consolidation took place during the application of the normal 
loads. A slight amount of visible water was evident during the testing process. 
The results of the interface friction angle and cohesion are listed in Table 1. The 
results reveal that the interface friction angle decreased when the smooth 
geomembrane was used. This was expected because the textured geomembrane 
produces a gripping surface for the sludge fibers. 
Table 1: A summary of the and c results obtained from the large shear machine 
using IP-New paper sludge. 
Natural Natural 
Textured Smooth 
(degrees) 33.14 16.69 
c (kPa) 1.37 0.66 
Since the results of the textured membrane specimens yielded high values 
for interface strength behavior the belief that infield conditions at the Local Town 
landfill were not being modeled correctly. The failure at the Local Town landfill 
occurred on slopes with maximum slope angles of 18.4°and the resulting laboratory 
friction angle values indicate that a failure should not have occurred. Field 
investigations showed that large quantities of water had been apparent at the 
interface between the geomembrane and the sludge layer. The UU tests performed 
did not appear to mobilize enough of the water in the sludge to the geomembrane-
sludge interface. 
Saturation specimens were utilized to further simulate field conditions. 
Maintaining saturated specimens could not be accomplished with the large shear box 
machine; therefore, the smaller shear box machine was used. To insure proper 
correlation between testing equipment similar direct shear test was performed on the 
small shear box using IP-New sludge for comparison to the results from the large 
shear box. This proved to be difficult because the difference in specimen areas was 
so great. Figure 2 shows the stress-strain relationship between the large box and 
small box, had the load cell range allowed for continued testing, the large box 
results may have continued along the same path as the smaller machine. 
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The values of for the large and small box tests are 34° and 28° 
respectively (see figure 3). Although, these values are different, this may be due to 
the differences in the load cells. The large machine's load cell was a 500-pound cell 
and the smaller machine's load cell was 200 pounds. Utilizing the low normal stress 
on the large machine placed the tests in the lower ranne of the 5n(1II 1nat1 rc 11 
possibly producing decreased accuracy in the cell readings. 
18 
16 	
j 	. 	UWeiPTextured 
I P-NNew Big T 
4 
2 
0*- 
0.00 
	
0.05 	0.10 	0.15 	0.20 	0.25 	0.30 	0.35 
Strain,nYm 
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Figure 3: Comparing the big machine with the little machine on a typical shear 
stress versus normal stress graph. 
As previously mentioned, in an attempt to model field conditions at the Town 
landfill, saturated direct shear tests were performed. Natural sludge specimens 
consisted of sludge samples with water contents ranging from 200% to 250% for the 
natural old sludge and from 280% to 375% for the saturated old sludge. The 
specimens were allowed to saturate overnight under no additional applied normal 
loads to simulate the water that mobilizes to the interface surface during the Town 
Landfill failure. The values obtained for the interface friction angle and cohesion are 
listed in Table 2. A reduction of interface strength parameters of 2.5° was observed 
after the sludge specimens were allowed to saturate overnight for the textured 
geomembrane. The smooth geomembrane specimens remained approximately the 
same. 
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Table 2: A summary of the results obtained from the small shear machine using IP- 
Old sludge for the angle of internal friction and cohesion. 
Sludge Natural 
Textured 
Saturated 
Textured 
Natural 
Smooth 
Saturated 
Smooth 
(degrees 27.95 30.92 28.40 19.41 20.70 
c (kPa) 3.42 6.72 8.76 4.31 2.74 
CONCLUSION 
IP paper mill sludges are characterized by their high water content, high 
organic content, and high compressibility. The shear strength of the paper sludge-
geomembrane varied due to the water content, and type of geomembrane used. The 
effective angle of internal friction ranged from 15° to 29° and the cohesion (or 
adhesion) ranged from 0.5 psi to 1.4 psi. These results correspond with the results 
obtained from the consolidated undrained triaxial compression tests performed by 
Moo-Young and Zimmie 1996. 
The test procedure did not appear to represent the failure mechanism that 
occurred at the Local Town Landfill site. The presence of running water in the 
Landfill could not be simulated in the laboratory utilizing the testing methods 
herein. Modification to the standard testing equipment should be made to insure the 
presence of water at the sludge-membrane interface. 
Similarly, the results obtained herein maybe more indicative of a 
landfill cover after consolidation has occurred and drainage of the paper sludge 
water has been allowed. This would not necessarily be a conservative approach to 
design. Care should be taken in proper interface friction angle test specifications 
during the design process. Landfill cover designs should allow for proper drainage 
of the sludge materials. Use of a sand drainage layer above the sludge between the 
sludge membrane interface should be considered. However, further research in the 
leachate migration behavior between this interface must be evaluated. 
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Summary 
In narrow working places, such as trenches, installation pits, bridge abutments and retainig 
structures, special backfilling condidtions are encountered. Compaction must be carried out 
either against the structure or against the natural soil with partial withdraw of the lateral 
support. Consequently, special compaction equipment are used to achieve the required 
degree of compaction or more or less self compacting aggregates are used. Measurements 
in trenches have shown, however, that compaction in the pipe zone and in the backfill zone 
was often so poor, that either the pipe was inacceptably deformed or even damaged or 
excessive surface settlements occured, respectively. 
Stabilized gravelly sands are used in Austria around pipes since many years. The sand is 
stabilized with cement and additives to achieve a soft conistency of the wet material. The 
main requirement to this material was with respect to excavation. In case of repair work it 
should be possible to excavate the stabilized material by hand. Some tests have been carried 
out with respect to fresh and cured concrete. Yet, for the structural design of embedded 
pipes geotechnical parameters (stiffness or modulus and strength parameters) are rquired, 
which are not investigated. 
Fine grained soils, such as clays and silts, can not be used as backfill material, and, at soft 
conditions the bearing capacity is too low, that it can be accepted as subgrade in road and 
rail road construction or for industrial floors. By stabilization the strength and bearing 
capacity of soft fine grained soils can be improoved to be accepted as subgrade. 
In a strategic R&D project the strength- and deformation behaviour of stabilized gravelly 
and fine grained soils and recycled material is investigated with respect to the above 
mentioned purposes. Stabilization is carried out with fly ash from incneration of bio masses, 
in e.g. paper mills, cement and mixtures of cement and fly ash with both natural soils, 
aggregates and recycled materials. Both laboratory and field tests were performed. 
The results of the stabilized gravelly materials so far show an increase in strength by a 
factor of about 2 and an increase in stiffness by a factor up to 10. In fresh condition, the 
material has a very soft consistency and flows like a heavy fluid. After less then 24 hours 
curing one can walk on the surface, so that construction can proceed upon that surface. The 
material can easely be removed by hand useing a pick axe. Similar results in the increase of 
strength and stiffness were obtained with stabilized loam. 
In this report the results of laboratory and field tests carried out so far are described. 
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ENVIRONMENTAL PROSPECTS OF 
PAPER SLUDGE UTILIZATION 
Keynote Lecture 2.6.1999 
Marika Tähtinen, mtae@viatek.fi, 
Viatek Ltd, P.O. Box 4, FIN-02101 Espoo, Finland 
Summary 
Purpose of the environmental studies 
• Waste materials usually considered dangerous 
• Environmental soundness proved 
• Health and Environmental risks minimized 
Test methods 
• Total concentration of elements and compounds 
• Solubility of elements and compounds 
• Toxicity and biodegradation 
Environmental properties of paper sludge 
• Usually safe 
• De-inking residue may sometimes contain more harmful substances 
Koivissilta landfill case study 
• Tested the concentration of 37 elements, solubility of 36 elements and compounds, 
odour causing volatile substances and the circumstances of biodegradation in situ 
• Fibre clay of Kirkniemi mills found to be safe for landfill structures 
Introduction 
This is a short introduction to the topic of the environmental aspects of paper 
sludge/waste material utilization. Other presentations of this day will discus legislation 
and standardization in more detail, get a view to the future of paper industry waste 
management, and present some interesting practical cases. 
Environmental soundness is the most critical factor affecting waste material utilization. 
The word "waste" makes people somewhat frightened and extra careful. We have 
learned that waste is harmful and has negative impacts on the environment. The 
potential risks are there, that is true and that is why we have to determine, evaluate and 
eliminate or at least minimize them. 
Use of waste materials usually requires permitting in the (most) industrialized countries. 
This way the environmental aspects are monitored also by the environmental authorities 
and taken into consideration during the planning processes. Different ways of carrying 
out a EIA (Environmental Impact Assessment) process are widely used. 
Even though permitting system is a good thing in general, we have found this type of 
permitting to be quite heavy and time taking in sometimes. In many cases waste 
utilization needs three different environmental permits: one for the waste management 
of the production mill itself, one for waste transportation and one for the final 
disposition site. The biggest problem seems to be the evaluation of the actual 
environmental risks, and this may cause overreactions. Of course, it is better be safe 
than sorry. The policy of sustainable development makes us responsible for the heritage 
we leave behind so we should be able to take the next hundreds of years into 
consideration. 
Studying the environmental impacts of paper sludge 
Environmental soundness and risks are usually evaluated by means of concentrations 
and solubility of hazardous compounds, mostly heavy metals and some other elements 
and compounds. At the moment, there are several different limit and target values to be 
used, as well as different test methods, which can be very confusing sometimes. Other 
important affecting factors are, for example, reactions with other materials and the 
characteristics of the structure and the characteristics of the environment. Materials are 
also likely to be changing in the course of time. 
Paper sludge, so called fibre sludge or fibre clay, is found to be quite a clean product. 
On the other hand, de-inking residue may contain some harmful or toxic compounds 
deriving from printing pigments. Ashes are also usually more problematic with high 
heavy metal concentrations, but the mixtures of these materials can be made safe. 
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Case study: Koivissilta landfill/Kirknienni fibre clay 
In the following I will present an example of the estimation of environmental soundness 
of fibre clay carried out during landfill closing method development project, about 
which you will learn more later on today. 
The example material is the fibre clay of Metsä-Serla Kirkniemi paper mills used in the 
cover structure of Koivissilta landfill in Vihti. 
The environmental soundness was studied by analysing the total concentrations of 37 
elements, solubility of 36 elements and compounds, odour causing volatile compounds 
and the circumstances of biodegradation. 
The tests showed that all the analysed concentrations were below target values and the 
sludge can, though, be used as a construction material. 
The environmental and technical monitoring was started last autumn in the test fields of 
Koivissilta landfill, but the results are not very valuable yet. 
The case is described in more detail in the final report of the landfill closing project 
(presented by Keijo Haavikko during this workshop). 
Landfills are, of course, the most safe areas for waste material construction and this is 
why we started the testing and commercialization from landfill structures. According to 
the present legislation the landfills are monitored, anyway, very carefully, which helps 
to minimize the environmental risks. Other construction alternatives are (maybe) 
somewhat more complicated. 
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ENVIRONMENTAL 
CHARACTERISTICS OF KIRKNIEMI 
TEST CONCLUSIO 
TOTAL 37 mentsele All below the target values 
CONCENTRATION used for contaminated soil 
SOLUBILIT NEN-7341 All below limit values 
36 elements and (used NEN-7343 limits) 
compounds 
ODOUR 11 odour causing volatile No harmful concentrations 
compouds/fresh and old observed 
material — field study 
LONGEVITY redox Impermeable barrier layer 
test structures in anaerobic conditions 
=> very slow 
biodeci radation 
56 
UTILIZATION OF SLUDGES FROM PULP AND PAPER 
INDUSTRY - AN AUTHORITY OVERVIEW 
Pirjo-Riitta Rantala, Pirkanmaa Regional Environment Centre, P.O. Box 297, 
FIN-33101 Tampere, FINLAND 
ABSTRACT 
The main regulations for the utilization of pulp and paper sludges in Finland are presented 
in this paper. The principles for utilization of sludges are given in waste law. Also 
regulations given by Councillor of State (regulation of landfills (861/97) and regulations of 
using wastewater treatment plant sludges in agriculture (282/94) control the use of sludges. 
Some other national and international laws are connected to sludge disposal and utilization, 
e.g., water law, environment protection law, health protection law, law of fertilizers, EU-
directive for nitrate. The Ministry of Agriculture and Forestry regulates the use of sludges 
in agriculture together with EU by specific orders concerning the amount of phosphorus 
allowed to the fields (15 kgP/a/ha). 
Also on-going studies on sludges are presented as well as work on international sludge 
characterization and standardization. A lot of research work is conducted in sludge 
handling and utilization at the moment. Different methods for sludge dewatering and drying 
are being investigated to increase the efficiency of sludge incineration. Composting of 
sludges and the use of the composted sludges in agriculture or in forests as fertilizers are 
studied. Various landfill covers, road sites and landscaping are constructed from sludges. 
INTRODUCTION 
In Finland, pulp and paper industry wastewaters are mainly treated in activated sludge 
plants. The annual amount of sludge generated is approximately 450 000 t as 100 % dry 
matter. The dewatered sludges (30 to 40 % total solids concentration) are usually burned or 
disposed of to landfills. Since high water content usually makes incineration of sludges 
uneconomic and new waste laws restrict landfilling of organic wastes, new methods for 
sludge handling have been studied (Rantala et.al, 1998). 
There are 33 activated sludge plants, 7 mechanical-chemical purification plants, 2 aerated 
lagoons and 2 combined aerobic-anaerobic plants in the treatment of pulp and paper industry 
wastewaters in Finland. One board mill is discharging wastewaters to municipal wastewater 
treatment plant. 
Pulp and paper industry wastewater sludges include primary sludge from mechanical 
treatment and secondary sludge from biological treatment. Both sludges consist of cellulose 
fibres, hemicellulose and lignin. Primary sludges usually contain also different components 
of wood furnish, bark and process chemicals. The fibre on primary sludges can account for 
40 to 95 % of the solid matter and the ash amount can be up 60 % (Kyllönen, 1986). 
Activated sludges contain proteins, lignins, carbohydrates, lipids and celluloses. Heavy 
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metal and nutrient (nitrogen and phosphorus) concentrations are usually low in pulp and 
paper industry wastewater sludges (Rantala et. al. , 1998) . 
Usually the biosludges and primary sludges are collected together from treatment plants. 
However, many mills have the possibility to separate them. Incineration of primary sludges 
(and also biosludges) is common especially in pulp mills where they can be incinerated with 
black liquor. Nonetheless there are many paper and board mills without the possibility to 
incineration and alternative solutions have been made. A half of all fibre-containing sludges 
and sludges from effluent treatment are utilized in some form, e.g., composted and then 
used as soil improvement matter or in vegetative layers, or is used as raw material in animal 
food production or in road constructions and sidesites and landfill closures. 
In this paper aspects concerning legislation for sludge utilization, recent studies on sludges 
and sludge characterization and standardization work are presented. 
LEGISLATION 
There are no specific instructions nor laws for utilization of pulp and paper industry sludges 
or ashes, thus the utilization must be based on laws and restrictions given to other waste 
materials and municipal wastewaters. 
In Finland the waste law (1072/93) specifies wastes as matters or objects which the owner 
has withdrawn, is going to withdraw or is obliged to withdraw. Also other definitions can 
be given: waste is not such end or side product which can be partly or fully used again in 
the same process where they are introduced without any utilization measures. According to 
this aspect all sludges and ashes from pulp and paper industry are to be considered as waste 
material. 
At the moment utilization of industrial wastes or side products is of great interest to all 
parties involved today. Reasons for that can be listed as follow: 
- the waste tax may cover also other than public landfills in the future 
- to carry out the national utilization. program for wastes 
- overall increase in landfilling costs 
- the new laws concerning waste utilization are bureaucratic 
- new environment certification pressures 
- increased awareness about environmental issues 
At the same time there are opposite pressures like: 
- more effective protection of soil and groundwater 
- renovation of contaminated soils 
- concern about the purity of the products from agriculture and forest 
- tendency for more stringent norms in environmental issues 
The main law restricting the use of sludges is the waste law (1.1.1994). Main principles in 
waste law are: 
- the use of Best Available Techniques 
- utilization first (as material before energy) 
- prevention of soil contamination 
Usually professional waste management and utilization requires waste licence. Without 
licence it is only possible to utilize some wastes, e.g., sludges because their use is 
controlled by Councillor of State (CS). Also closures of landfills are controlled by CS 
(861/97) and closing up a landfill site needs environment licence and a closure plan. The CS 
decision made in 1.1.1997 requires that landfilling organic matter containing materials 
should be restricted. In 2005 landfilling of any organic material will be prohibited. Sludges 
and composted sludges can be taken to landfills when they are used for covering or 
landscaping. Other wastes must be characterized and analyzed, e.g., with leaching tests to 
ensure their safety and suitability to landfills. 
Also other laws like water law, environment protection law, health protection law, law of 
making and using fertilizers and EU-directive for nitrate can limit the utilization of sludges. 
UTILIZATION OF SLUDGES IN PIRKANMAA REGION - 
REGENT STUDIES CONDUCTED 
In Pirkanmaa region the closing of at least three landfills will be done using pulp and paper 
mill sludges. One closure was started in 1998 and is now almost finished. The cover layer is 
not yet ready. Recycled paper mill sludges have been used as hydraulic barrier and upper 
part is made from rubber. Surface layer is covered with recycled paper mill sludges and 
sludges from wastewater treatment plant. 
Also two other landfills are being closed with recycled paper mill sludges. The closure plans 
will be accepted in the near future. It seems that the recycled paper sludges are widely used 
because of the shortage of natural clay and also for economical reasons. Paper mill sludges 
have proved to be effective hydraulic barriers in landfill covers (Zimmie, 1997). 
Also road constructions have been made using deinking sludges, fly ash and a binder with 
different mixtures. Preliminary results have shown that test construction has fulfilled its 
purposes. In Germany common method of utilizing the pulp and paper mill sludges is to use 
them in brickworks (Krug, 1997). Usually sludges from mechanical and chemical treatment 
are specially suitable for brickworks. The benefits of using these sludges are: 
- adding sludges to the raw brick mass causes a positive degreasing effect 
- residues of fibres are gasificated in burning process and small pores are 
built, which increase the attitude of heat insulation 
- residues from coated paper content clay and lime, which are raw materials 
for making bricks 
One of the research projects of sludge utilization conducted by Pirkanmaa Regional 
Environment Centre was composting of forest industry wastewater sludges. The aim of this 
research was to study the amenability of composting the sludges, their toxicities and the 
applicability in agriculture as soil improvement matter and/or fertilizers. The composting 
process has been completed and the field experiments continue in the summer. The results 
from the composting and toxicity studies will be presented in IAWQ Conference on Forest 
Industry Wastewaters in Tampere (Rantala et.al. 1999) together with preliminary results of 
the field experiments. 
In Eastern Finland the sludges from wastewater treatment plant mixed with wood ashes has 
been utilized in forests as fertilizers. In this project only water analyses were made to 
ensure the non-hazardous effects of leachates. Other studies have shown that the sludge and 
ash mixture had a good effect on birch seedlings and improved the growth in forests 
(Hytönen 1998). Also the pH-value in soil increased especially in highly acidid peatlands. 
Furthermore wood ashes from one pulp and paper mill have been pelletized and used as 
fertilizers in forests (Enocell Oy). The amounts used per year was about 8000 tonnes. The 
ashes comprise 94 % of wood bark, 4 % of sludge from wastewater treatment plant and 1 
% of other wood containing waste materials. 
In Pirkanmaa Regional Environment Centre a research project is going to start on autumn. 
The aim is to mix biosludges and ashes, make pellets out of them and use them as fertilizer 
in forests. The ultimate goal is to make a product from the mixture with possible nutrient 
addition. The environmental effects are carefully studied (heavy metal and nutrient leaching) 
together with growth follow-up of the trees. The effects of sludge-spreading to soil micro-
organisms, fungus and berries are also studied. The project will continue about ten years. 
A biosludge and primary sludge mixture from a board mill has been composted and used as 
vegetable bedding. The composting occurs in piles and before the product is sacked it will 
be provided with nutrients (nitrogen and potassium). Some plans have also been made to 
cover the old gravel areas with different sludge mixture to prevent contamination of ground 
water. 
SLUDGE STANDARDIZATION 
Standardization is voluntary co-operation to find solutions that can be applied repeatedly to 
problems, especially in the spheres of science, technology and economics. Standardization is 
carried out at international, regional, national and company levels. The Finnish Standards 
Association SFS is an independent, non-profit making organization co-operating with trade 
federations and industry, research institutes, labour market organisations, consumer 
organisations, and governmental and local authorities. 
CEN (Comite Europeen de Normalisation, European Committee for Standardization) was 
founded in 1961 and involves 18 countries (all EU-countries and Switzerland, Norway and 
Island). The purpose of CEN is to make European EN-standards. CEN works in 
conjunction with other private or public organizations, representing European and world-
wide interests. In particular, it has an agreement for technical co-operation (the Vienna 
Agreement) with ISO, the International Organization for Standardization (www.iso.ch). 
CEN has signed the World Trade Organization (WTO) Code of good practice for the 
preparation, adoption and application of standards. In environmental section the most 
important comittees are: TC 230 Water analysis, TC 308 Characterization of sludges and 
TC 318 Hydrometry. 
The EN-standards made by CEN are published in English, French and Germany. They have 
to be confirmed by member countries to national standards and other standards in 
contradiction to them have to be declared. It is voluntary to apply EN-standards. 
ISO has started in 1947 and there are 118 members from international standardization 
organizations. Environmental issues are studied in two committees: TC 147 Water quality 
TC 190 Soil quality. These standards are also published in English, French and Germany 
and they are only recommendations. 
Finnish Environment Institute and SFS have made a contract in 1995 to work in following 
lines: 	CEN/TC 230 Water analysis 
CEN/TC 308 Characterization of sludges 
CEN/TC 318 Hydrometry 
ISO/TC 147 Water quality 
The work in standardization organization is done in work groups (WG) and approved by 
technical committee (TC). Then it is send to national enquiry and to formal vote stage. 
From technical committee's presentation the standards will go to CEN assembly which 
decides the contention and approval. In sludge characterization (TC 308/WG 2) there are 
about 40 members from different EU-countries. 
In WG 2, characterization of sludges, 8 guides have been prepared and one is in EN-stage 
(Guideline no.1 Vocabulary). One standard has been finished concerning the analysing 
methods of sludges (determination of pH-value) and two more are in CEN (determination of 
the loss on ignition of dry mass and determination of dry residue and water content). 
Determination of trace elements and phosphorus and total Kjeldahl nitrogen has been on the 
national formal vote stage and is going to CEN/CS (Central Secretariat). 
Other guides made in WG 2 are: 
- Guide 2: Sludge management in relation to the use or disposal (going to CEN/CS) 
- Guide 4: SIudge utilization in agriculture (CEN inquiry) 
- Guide 5: Sludge used in land reclamation (under work) 
- Guide 6: Sludge incineration with or without grease and screenings (in CEN/TC) 
- Guide 7: Combined incineration of sludge and household waste (to CEN/TC) 
- Guide 8: Landfill of sludge and sludge treatment residue (under work) 
- Guide 9: Good practice for sludge drying (under work) 
- Sludge stability (under work) 
Approved standards and proposals which are still under work are shown in table 1. 
Table 1. Standards and proposals made in CEN/ISO work groups. 
Ready standards 	Proposals 
CEN/TC 230 Water analysis 	 56 	 14 
CEN/TC 308 Characterization of sludges 	1 7 
CEN/TC 318 Hydrometry 	 - 	 1 1 
ISO/TC 147 Water quality 153 48 
ISO/TC 190 Soil quality 	 37 	 21 
SFS Water quality 	 125 - 
CONCLUSIONS 
The legislation of environmental issues are changing rapidly. New laws are being 
introduced and more attention is drawn to prevent the pollution and contamination of 
environment. The amount of sludge produced in pulp and paper industry has not changed 
much in recent years. New purification methods and closure of mill water circuits will 
provide different type of sludges in the future. 
Utilization of sludges from pulp and paper industry is widely studied. The composting and 
industrial produce of sludges and ashes the most common ways of utilization are in Finland 
today. Also closing down of the landfills is gaining more interest. 
The low concentrations of heavy metals and nutrients facilitate the utilization of sludges in 
different constructions however the soil contamination risks and leachates must be taken into 
account when waste materials or side products are used. 
Re-use of pulp and paper fibre containing materials in landfill sealing layers has started in 
Finland at the beginning of 1990's. They can substitute for the impermeable barrier layer 
also in some contaminated soil areas. These new methods can partly decrease the need to 
use land for waste disposal and also give benefits in savings of un-renewable natural 
materials. Nonetheless other utilization methods are needed due to the amount sludges 
generated in the Finnish pulp and paper industry annually. 
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THE FUTURE OF PAPER INDUSTRY WASTE MANAGEMENT 
Horace K. Moo-Young and Charles E. Ochola, Department of Civil and 
Environmental Engineering, Lehigh University 13 East Packer Avenue, Bethlehem, 
PA 18015. 
ABSTRACT 
The disposal of sludges by methods such as landfilling and 
incineration is a process that is not economically sustainable, 
and has therefore prompted the need for alternative uses of this 
product. The application of sludges (i.e., biosolids) on land is 
probably the largest beneficial use, but is relegated to 
utilization of municipal wastewater sludge due to its 
composition consisting of nutrient-rich organic material. Paper 
mill sludges have a different composition and therefore require 
a different application to benefit from its reuse. The purpose 
of this paper is to present the future of paper industry waste 
management. To project future use of paper mill sludges, this 
paper will review innovative uses of water and wastewater 
treatment sludges. 
1 INTRODUCTION 
While water pollution and wastewater treatment is the primary concern of paper mill 
environmental controls, a large quantity of solid waste is also generated which 
requires disposal. The United States Department of Commerce estimated that in 
1974, 560 to 630 pounds of solid waste, was generated per ton of production 
(Springer, 1986). 
More recent estimates indicate that water treatment is now more efficient in removal 
of solids, yielding about 400 pounds (182 kg) of paper mill sludge per ton of paper 
produced (Gregg, et. al., 1997). This equates to a total of over 12 million tons 
(11 X 109 kg) of paper mill sludge generated each year by the United States paper 
industry alone (Springer, 1986; Gregg, et. al., 1997). In comparison, municipalities 
generate in excess of 5.3 million dry metric tons of sewage sludge per year. 
About half of the solid waste volume is generated during debarking operations at the 
head of the mill process. Fortunately, a majority of this material is now utilized as 
feed stock for boilers within the paper mill, utilizing the waste in a productive 
manner (Springer, 1986). The remaining portion of the solid waste stream is 
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produced during the wastewater treatment process, as primary clarifier paper mill 
sludge and secondary biological treatment paper mill sludge. 
The disposal costs of the paper mill sludges can account for half of the operating 
cost of a paper mill's wastewater treatment plant (Springer, 1986). The final 
disposal options for paper mill sludge are limited at this time. Approximately 70-
75% of the paper mill sludge is disposed of in landfills (Springer, 1986; Zander, et. 
al., 1996). 	Another 15-20% is currently being incinerated for both power 
production and volume reduction. Paper mill sludge can generate approximately 
5,200 Btu/lb ( 12,100 kJ/kg) and is being used to fuel some power boilers 
(Springer, 1986; Zander, et. al., 1996). A much smaller portion of the paper mill 
sludge stream is being disposed of as soil amendments and as impermeable covers 
for landfills. 
With the shrinking landfill space available, and the difficulty in siting and permitting 
new solid waste landfills, an alternative is clearly needed to handle the 70-75% of 
paper mill sludge still being buried. The pulp and paper industry are greatly 
concerned with what to do with increasing production of paper mill sludges, since 
recent environmental legislation, social concerns, and escalating landfill costs has 
limited the industry's options for dealing with this material. 
This paper strives to establish an agenda for paper mill industry sludge management. 
To establish a future direction, a review of current practices in sludge management 
is presented. Five key areas of sludge management are discussed: disposal, 
treatment, thermal processes, land application, and reuse and recycling. 
2 BIOS®LID MANAGEMENT CONCERNS 
The evaluation of sludge management options is typically based on the return on 
investment, long term sustainability, social impact and technological feasibility. 
Paper mills strive to reduce the cost of disposal of sludges. For example, paper 
mills in the U.S. are selling sludges for a profit to landfill owners to utilize as the 
landfill cover. In this example, the return on investment for the paper mill is high 
in comparison to other disposal options. The social impact of utilizing paper mill 
sludges for landfill covers is deemed favorable by the regulatory agency, since this 
is a recycling and beneficial use application. However, the word "sludge" has a bad 
connotation to the general public, and environmental regulators are sometimes 
reluctant to approve the material. Thus, a number of companies have changed the 
name of the product (i.e. short paper fibers, fiber clay, pulp and paper biomix, 
paper clay) to increase its acceptability. Long-term sustainability of this utilization 
of paper mill sludges is not favorable however, since this technology is applicable in 
the local community near the paper mill (i.e., when the landfill is over 100 km from 
the mill the return on investment is decreased due to the increased cost of 
transportation.) 
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Management of paper sludges must also take into account the environmental impact 
of the process. For example, in the past there has been land application of paper 
sludges co-mingled with municipal wastewater treatment sludges. However the 
occurrence and persistence of chemicals such as Nonylphenol ethoxylates (NPE) 
from the discharge of pulp and paper production facilities, and reports of their acute 
adverse effects in invertebrates, fish, mammals and algae (Bennie, D.T, 1999; 
Maguire, R.J 1999) has raised concerns as to the viability of this practice. 
Metal ions in a recycling paper mill may create environmental problems. D'Souza 
et al. (1998) investigated the concentration of metals entering and leaving a recycled 
paper mill. 	Metal concentrations in the sludges were well below U.S. 
Environmental Protection Agency guidelines. This study showed that metal ions are 
not a big concern. 
3 SLUDGE CHARACTERISTICS 
The physical properties of paper mill sludge will vary depending on the end 
product, and is typically composed of water, organics and inorganics. Typical 
solids contents range from 20 to 45 percent after dewatering (NCASI, 1989). Wood 
fibers are the principal organic component while the inorganic component can 
consist of kaolinite, calcium carbonate, titanium oxide, plastic residues and other 
materials used in pulp and paper production (NCASI, 1989). Clay is usually the 
principal component of the inorganics, and since sludges are primarily comprised of 
wood fibers and clay, it has been called fiber clay (Floess and de Mello, 1997). 
Mabee (1996) presented a study he had done on paper mill sludges from the Domtar 
linerboard mill in Mississauga Ontario where a characterization of the sludge 
revealed that more than 75 % of the solid mass was composed mainly of fibrous 
material. He also determined that the fiber size distribution was fairly high with an 
average length of 2.4-mm and an average width of 25-mm. The composition of this 
sludge is shown below in Figure 1. 
Over the past ten years, there has been increased interest in the utilization of paper 
mill sludges in the construction of landfills. Numerous researchers have established 
the engineering properties of paper mill sludges and have concluded that the 
behavior of paper mill sludges is similar to peats and highly organic silts and clays 
(Moo-Young and Zimmie, 1996a; Kraus et al., 1997). In civil engineering 
construction, paper sludge parameters that have to be considered include strength, 
permeability, and compressibility. 
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Figure 1. 	Typical Paper Mill Sludges (Adapted from Mabee, 1996). 
4 SLUDGES MANAGEMENT PRACTICES 
4.1 Disposal 
Disposal practices for sludges consist of landfilling and ocean dumping. The 
restrictions on ocean dumping and the difficulty of siting new municipal waste 
landfills have increased interest in finding alternative methods of disposal. Paper 
mill sludges have been used to cap landfills in Wisconsin, USA since 1975 (Stoffel 
and Ham, 1979; Pepin, 1985). In the late 1980's Erving, MA, USA conducted a 
comprehensive study on the use of their sludge as a barrier layer material in landfill 
caps (Aloisi and Atkinson, 1991). From these studies they concluded that the 
hydraulic conductivity of the sludge decreased with time, and freeze thaw effects 
had no deleterious effect on the sludge. Subsequent studies by Moo-Young and 
Zimmie (1996) support the conclusions determined in the Erving project. Quiroz 
and Zimmie (1998) estimate that paper mill sludges utilized as a hydraulic barrier at 
the Montague landfill in Massachusetts has recycled over 42,000 metric tonnes of 
this material and has saved the town of Montague the cost of purchasing clay for the 
hydraulic barrier. 
4.2 Treatment 
The key factor in determining the capital and operating cost for the treatment and 
disposal of sludges is the dry solids content of the liquid sludge. By doubling the 
thickness of the sludge during the wastewater treatment process, a municipality or 
company can significantly reduce the cost of disposal. Sludge consolidation by 
gravity thickening is one of the most common methods utilized. Since few sludges 
have the same properties, consolidation testing should be conducted to predict the 
performance of a site specific sludge and to plan the area of thickening tanks. 
Continuous gravity thickeners are designed for a steady feed, an overflow weir and 
automatic scum removal, picket fence, ploughs fitted at the bottom of the picketed 
fence to transfer sludge to outlet, and continuous sludge removal (Hudson and 
Lowe, 1996). Case studies have indicated the improved efficiency of clarification 
and gravity thickening by adding energy dissipating inlets, spiral scrapers, and 
effluent laundered baffles followed by centrifugation prior to digestion, and 
dissolved air flotation (Fogarty et al., 1998; Albertson and Waltz, 1997; Butler et 
al., 1997; Powell, 1997; Turevskly, 1998). Researchers have also shown that a 
minimum of 0.7-2.0 meq/L each of calcium and magnesium was necessary for 
acceptable settling and dewatering (Higgins and Novak, 1997). 
The two conventional types of mechanical dewatering are the centrifuge, filters and 
belt press. Numerous studies outline the major features of belt filter presses, 
centrifuges and recessed plate filter presses (Eekhof and Scheepman, 1997; Kemp, 
1997; Wunsch and Otte-Witte, 1997; McCoy et al., 1997). 
An emerging method for sludge dewatering is the use of geotextile tubes (Gaffney et 
al., 1999). Researchers have shown that geotextile tubes are capable of dewatering 
high water content materials since the geotextile retains the solid particles and 
allows the water to be filtered in a similar manner to cheesecloth. The test results 
have indicated significant consolidation or reduction in the volume of the sludge 
volume in the bag. There was also a significant reduction in the TSS, heavy metals, 
and bacterial count in the effluent water (Fowler et al., 1996, Gaffney et al., 1999). 
The quality of pore water or effluent passing through the geotextile container 
systems proved to be environmentally acceptable for subsequent discharge into the 
river and/or return to the treatment plant. 
Chemical conditioning of sludges has continued to be a topic of considerable 
research. Several researchers have studied methods and techniques to optimize the 
polymer dose (Parker et al., 1997; Kulicke and Bohm, 1997; Wu et al., 1997). 
New polymers and methods of improving the performance of existing polymers 
were topics of interest for several researchers (Higgins and Novak, 1997; Latifoglu 
et al., 1997). 
Lime and fly ash have been utilized to improve the dewatering characteristics of 
industrial sludges. In a study conducted by Wang (1998), conditioning wastewater 
sludges from the City of Regina Wastewater Treatment Plant by fly ash from 
Boundary Dam Power Station, Saskatchewan, Canada was studied. Toxicity 
characteristic leaching procedure (TCLP), equilibrium leach test (ELT), and long-
term leaching test (LTLT) were used to investigate the leachability of heavy metals. 
Results from these leaching tests indicated that, on the basis of concentrations of 
microorganisms and heavy metals (Cd, Cr, Cu, Ni and Zn), the sludge produced at 
the Regina Wastewater Treatment Plant conditioned by the locally available fly ash 
can be disposed of in landfills and used as a soil conditioner for land application. 
Sorption, and silicate and hydroxide precipitations were considered to be the three 
important mechanisms in fixation of heavy metals. High pH conditions were 
considered to be the predominant mechanism in killing microorganisms. 
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Mustranta and Viikari (1993) treated different activated sludges from pulp and paper 
mills with hydrogen peroxide in the presence of ferrous sulfate to improve 
dewatering characteristics. Plaisier and Dorica (1997) conducted bench scale 
evaluations of three chemical conditioning programs for dewatering pulp and paper 
mill waste. They concluded that the ferric sulphate based program was slightly 
more efficient than the amine or clay based coagulants. 
Freeze and thaw conditioning of pulp and paper mill waste activated sludge has also 
been show to improve the dewaterability (Parker and Collins, 1997; Chu et al., 
1997; Ali Khan and Randall, 1987). 
1.3 Thermal Processes 
Thermal treatment of sludges includes heat drying, combustion, and pyrolysis 
techniques. In the U.S., because of the increased interest in producing heat dried 
sludges products that can be utilized as fertilizer, heat drying systems are being 
introduced (Shimp et al., 1997). ATV (1997) summarized the status of heat drying 
of municipal wastewater sludges in Germany. Steinle (1997) showed that the air 
emissions from the drying system were low. Marb and Riedel (1997) presented 
results from drying dewatered wastewater sludge with cold air and found that most 
of the organic pollutants remained in the sludge. 
A variation of the ring dryer was developed to economically reduce large quantities 
of sludges. This system operates at lower temperatures than an incinerator and 
sludges produced have an increased calorific value, which makes them easier to 
incinerate (Marchildon et al. 1995). In a new approach to energy-efficient sludge 
dewatering, impulse sludge drying, sludge is contracted briefly under pressure by a 
hot surface (Banerjee et al., 1998). The steam generated at the interface between the 
sludge and the surface forces out some of the water in liquid form. Laboratory 
demonstrations with belt-pressed primary sludge from a paper mill removed more 
than 20 additional percentage points of water. Corresponding values from municipal 
sludge and from a mixed primary/secondary industrial sludge were 10 and 15 
additional percentage points, respectively. 
The work presented by Andersen et al. (1994) concerns the application of low 
temperature wet oxidation for volume reduction of settled and floated sludges 
resulting from the treatment of waste water from a pulp and paper mill in Norway. 
The results of batch and continuous pilot-scale tests show that it is possible to obtain 
reductions of more than 50% of COD and more than 70% of suspended solids by a 
mild treatment at 200° C and a retention time of only 20 minutes. This retention 
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time is very short compared to conventional wet oxidation treatment applied to 
conditioning of organic sludge, which may lead to a reduction in reactor size and 
lowering of construction costs. The product obtained after wet oxidation has 
excellent dewatering characteristics resulting in a sludge volume reduction of 80% 
by sedimentation. The dewatered sludge can be further processed by acid treatment 
for recovery of alumina used for chemical precipitation of the sludge. The results 
show that it is possible to recover more than 80 % of the alumina present in the 
sludge. Tests of recovered alumina show flocculation efficiency comparable to that 
of virgin alumina. 
Zander et al. (1996) performed test burns of pelletized and dried paper mill sludge 
in a small institutional boiler for the purpose of determining environmental 
feasibility of the operation. The sludge was from a facility processing 100% 
secondary fiber (40% post consumer), and was co-fired with wood chips. Emission 
rates of various criteria and hazardous air pollutants were measured during the burns 
and compared to regulatory limits. Results indicated that criteria pollutant emissions 
from this 2.9 MW (10,000,000 Btu/h) operation were well within regulatory limits 
with the exception of particulate material. Emission control such as a bag house or 
electrostatic precipitator would be needed for a facility performing energy recovery 
from sludge. Organic hazardous air-pollutant emissions were also well below mass 
rates that would qualify the boiler as a major source under the Clean Air Act 
Amendments of 1990, with the largest emissions being formaldehyde, followed by 
acetaldehyde, acrolein, and naphthalene. 
Co-combustion of wastewater sludges with agricultural residue such as straw and 
manure with the combustion of coal was investigated in large-scale combustion 
systems (Hein and Spliethoff, 1997). Akers et al. (1998) reviewed technologies for 
producing coal-like fuel from waste byproducts and coal or coal fines. The various 
byproducts and binders in this study were paper sludge, low-density polyethylene 
plastic waste, and coal that represent the main raw material. The economics 
associated with the existing installation at Tyron, PA with respect to their stoker 
coal-fired boiler and their overall operation were also discussed, together with the 
realized reduction of sulfur dioxide, nitric oxides and particulate emissions at this 
facility. 
The need to reduce the volume of sludge and bind the heavy metals has led 
researchers in Japan to utilize the phenomenon of ash fusion. In the pyrolysis 
process, sludges are heated to 1300-1500 C (Hudson and Lowe, 1996). Pyrolysis of 
wastewater treatment sludge has been studied by means of thermogravimetric 
analysis (Conesa et al., 1997). 
4.4 Recycling and Reuse 
Liaw et al (1998) presented work that showed how granulation technology has been 
employed to produce a lightweight aggregate material with a specific gravity of less 
than 1.5 from paper mill sludges. Tests conducted on these aggregates showed that 
they had the potential to replace the natural aggregate utilized in making lightweight 
concrete. Secondly they utilized compounding technology to mix the paper mill 
sludges with ceramic materials and subsequently make constructional bricks through 
forming and sintering processes. Other researchers such as Bryan, (1982), Berman, 
(1981), and Alleman et al (1982) had also shown the viability of utilizing paper mill 
sludges in brick construction. While preparing a report, Alleman (1984) discovered 
that the concept of utilizing sludge in the manufacture of bricks, had been patented 
in 1889 by Thomas Shaw of "Waste near Manchester" but for some unknown 
reason very little progress or work was carried out on this concept until its 
rediscovery. Other proposed and applied uses for wastewater sludges include the 
production of a lightweight aggregate for use in construction, the manufacture of 
composite materials, pure sludge brick production and concrete, (Zauscher and 
Scott, 1996; Liaw et al, 1998; Simons, 1996; Shetka and Dahl-Shetka, 1996). 
O'Conor and Nechvatal (1996) produced a lightweight aggregate for use in precast 
and concrete construction utilizing paper sludge, fly ash, and municipal sludge. 
The most recently proposed application of paper mill sludges is that of a reactive 
barrier as presented by Moo-Young and Gallagher (1997). Due to the high organic 
content and low hydraulic conductivities associated with paper mill sludges, it is 
proposed that this barrier will not only retard contaminant flow, but will also 
attenuate it. The organics within the sludges act as a carbon source for microbial 
growth and functions as an electron acceptor in oxidation and reduction reactions 
creating sorption sites for heavy metal attenuation (Moo-Young and Gallagher, 
1997; Gallagher and Moo-Young, 1998; Moo-Young et al., 1999). Work done by 
Moo-Young and Gallagher (1997) showed that the sorption capacity of the paper 
sludge was greater than that of pure Kaolin clay. Figure 2 conceptualizes the layout 
for this reactive semi permeable barrier. There is also ongoing research to establish 
various mixtures between paper sludge and components such as fly ash to come up 
with a product that would have all the desirable properties the paper mill sludges 
possess, and any additional properties that they may not have. 
4.5 Land Application 
Land application of wastewater may be considered a disposal technique or a form of 
wastewater reuse. The most common forms of land application are irrigation and 
rapid infiltration. Rapid infiltration involves spreading wastewater in shallow 
unlined earthen basins and allowing the liquid to pass through the porous bottom and 
percolate towards the groundwater. Irrigation techniques apply the wastewater to 
land surface to provide both water and nutrient to enhance plant growth. The three 
primary techniques utilized to irrigate municipal wastewater are sprinkling, 
flooding, and ridge and furrow techniques. The land application of paper mill 
wastewater sludge is increasing in popularity as an accepted method for recycling 
nutrients from the sludge. Farmers receiving the sludge are depending on the 
nutrients contained in the sludge for crop production. 
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Figure 2. Schematic Illustration of a Reactive Semi-Permeable Barrier System. 
Understanding trace metal leachability is important for successful land application of 
paper mill residues. Trace metal leachability from paper mill ashes (Ash I and Ash 
2) and paper mill sludge (Sludge), and the effects of a soil on their leachability were 
determined by leaching the three paper mill residues packed on top of a soil in a 
column (Xiao et al., 1999). The leachates were analyzed for pI-I, electrical 
conductivity (EC), dissolved organic carbon (DOC), and concentrations of six 
metals (Cd, Cr, Cu, Pb, Se, and Zn). Ash I behaved significantly differently from 
Ash 2 during the leaching experiment, primarily due to its high p1-I and Na contents. 
Application of paper mill residues significantly increased the pI-I, EC, and DOC 
concentrations in leachates, with Ash 1 having significantly greater impacts than 
Ash 2 and sludge. Soil columns under alkaline leaching of Ash 1 appeared bleached 
due to the dissolution of solid-phase organic matter. Significant amounts of Zn were 
leached from all paper mill residues, whereas significant amounts of Cr, Se, and Cu 
were leached only in the Ash 1 treatments. The presence of a soil generally 
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enhanced metal leachability in the Ash 1 treatments due to the extremely high pH of 
Ash 1, whereas it decreased metal leachability in the Ash 2 and sludge treatments. 
Thus, organic matter enhances metal sorption when present as a solid phase, but it 
increases metal leachability when present in dissolved form under alkaline 
conditions. 
Research regarding land application of mechanical paper mill sludges was 
undertaken by the Alberta Research Council in June 1991 and was reported by 
Macyk (1998). The objective of the research is to provide industry, government 
regulators and the public with information on the impact of sludge application on 
agricultural and forestland and to provide a basis for adopting operational 
landspreading guidelines. The results of detailed sludge characterization work, 
greenhouse studies, decomposition work and column leaching studies demonstrated 
that land application was feasible and provided guidance for implementation of 
relevant and practically designed field studies. 
Two field trials were established to evaluate the impact of single and multiple 
applications of sludges from different mills on agricultural crops and soil quality in 
1992 and 1993 and are monitored to obtain long-term data relative to crop yields 
and soil quality. The sludge-amended treatments have demonstrated yield increases 
from two-to-five-fold greater than the control and those increased yields have been 
sustained for at least five growing seasons. Three experiments were established in 
the forest beginning in 1993. The first involved application and incorporation of 
four rates of two sludge types in a replicated experiment on a recently harvested cut-
block. Height and diameter increases up to 2.5 fold for white spruce (Picea glauca) 
and lodgepole pine (Pinus contortavar. latifolia) seedlings planted in the sludge 
amended plots compared to the control plots have been observed during the past five 
growing seasons. Another experiment involved application of three rates of sludge 
on frozen and non-frozen soil on haul roads, borrow areas, and well sites to assess 
the efficacy of the sludge in reclaiming disturbed areas in the forest and returning 
forest productivity. The bulk density of the sludge amended haul road soils was 
reduced by 30 %, soil water holding capacity was increased by 25 % and lodgepole 
pine seedling growth increased three-fold over control treatments (Mycak, 1998). 
Menard and O'Neill (1998) studied the land application of paper mill sludge on 
approximately 1.14 ha plot to assess the available nitrogen. Paper mill sludge from 
Champion's Quinnesec, Michigan mill was applied to the plots at rates of 0 to 44.8 
MT per ha. Nitrogen was applied at rates of 0 to 168 Kg per ha to the subplots 
receiving sludge and the plot was planted with Ryegrass. Plant samples were 
collected midway through the growing season and again prior to harvest and were 
analyzed for nutrients and selected metals. Soil samples were taken from 0-15 cm 
and 15-30 cm and analyzed for nutrients and selected metals. Based on the results 
an appropriate sludge application rate was calculated which took into consideration 
nitrogen immobilization, fertilizer requirements, and nitrogen movement through the 
soil. 
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Paper sludge composting presents another potential application for beneficial 
recycling and land application. 	Jackson and Line (1998) determined the 
effectiveness of periodic turning as a method of aerating a pulp and paper mill 
sludge (PMS) produced by Australian Newsprint Mills during windrow composting 
by monitoring spatial and temporal changes in 02 consumption and CO2 
accumulation in situ. Gas exchange during the static phase was found to be limited 
to the outer periphery of the windrow with interstitial 02 being reduced to 0 to 2% 
in the pile center between 2 and 6 hours after turning, indicating that the piles were 
oxygen starved for most of the trial, however, at no time was methane detected. The 
effectiveness of periodic turning in replenishing interstitial 02 and eliminating CO2 
decreased as composting progressed, due to an increase in bulk density which 
reduced the volume of voids participating in gas exchange. This was particularly 
evident when the bulk density of PMS increased to more than 550-kg. The 
volumetric quotient of CO2 produced to 02 consumed in a given interstitial gas 
sample was found to be a better indicator of whether aerobic or anaerobic conditions 
were present, than simply considering the level of interstitial 02. An upward 
convective flow of gas existing in the PMS windrow during the static phase was not 
sufficient to maintain aerobic conditions within the pile. Periodic turning of PMS in 
static windrows was found to be ineffective in maintaining aerobic conditions, 
suggesting that a reduction in pile height, addition of a bulking agent to improve 
porosity and/or the installation of open-ended perforated plastic pipes could improve 
aeration during the static phase. Such measures are relatively inexpensive and would 
significantly reduce the time required to produce stable compost. 
The feasibility of aerobic vessel composting and anaerobic digestion for the 
treatment of pulp and paper mill sludges was studied by Jokela et al. (1997). The 
composting studies made use of primary and secondary sludge from a de-inking and 
paper mill. In six parallel aerated 500 liter vessels with various carbon: nitrogen 
(C: N) -ratios, the most optimal performance was obtained with C: N -ratios of 22-
35, while higher and lower ratios delayed the temperature increase. With the 
optimal ratios, the thermophilic stage was reached within 36 h, and the stage lasted 
for about seven days. In the scale-up study (18 m3 compost vessel), the thermophilic 
stage was reached within 24 h. An effective dehydratation of the mass was obtained 
as the total solids (TS) content of the compost increased from 31.3% to 63.8% 
within 21 days. The anaerobic digestion of pulp and paper mill sludges was studied 
using two mesophilic 5 1 digesters, their feed sludges consisting of a mixture of 
municipal sewage sludge and primary and secondary sludge from a pulp and paper 
mill. With this feed mixture and with a loading rate of about 1.0 kg volatile solids 
(VS)/mad a removal of about 27 to 40 % VS and methane production of about 180-
1/kg of VS added feed sludge were achieved during the 80 d study period. The 
study showed that pulp and paper mill sludges are amenable to both aerobic 
composting and anaerobic digestion. 
Brouillette et al. (1997) used static pile forced aeration as an alternative to 
mechanical pile turning to compost paper mill deinking sludge. The experimental 
set-up consisted of two pile heights (2 and 3 m) and three aeration pipe spacing (no 
aeration, 1-m and 2-m aeration pipe spacing) resulting in different aeration levels. 
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Aeration was provided for 10 consecutive months. Results showed that the 3-m piles 
required longer aeration times to maintain temperatures in the required range. All 
aerated treatments maintained temperatures between 50 to 65 °C compared to 30 to 
40 °C for non-aerated treatments. Temperatures in aerated treatments were 
maintained between 50 to 65° C even when the temperature of the air injected into 
the material was as low as minus 20° C. Water content remained within the 
optimum range (60 to 71 %) for efficient composting for all treatments. Fiber levels 
gradually decreased during the experiment with cellulose being the most degraded. 
The compost fiber contents were only affected by depth within the piles. The degree 
of composting, as evaluated by the light absorbency test, was higher for aerated 
treatments, especially for the 1-m pipe spacing treatment. Depth within the piles 
also affected light absorbency measurements. More nitrogen was converted into the 
organic form in the aerated treatments, especially for the 1-m pipe spacing 
treatment. Composting deinking sludge with forced aeration is feasible in Eastern 
Canada even under winter conditions. 
5. FUTURE DIRECTIONS OF PAPER SLUDGE MANAGEMENT 
The future of paper sludge management should be directly linked to past successful 
application in the paper industry and wastewater industry to manage sludge. To 
establish the research agenda for the future, we must first assess the technologies 
outlined in this paper with regards to return on investment, long term sustainability, 
social impact, environmental impact, and technological feasibility. 	Table 1 
summarizes the technologies discussed in this paper with regards to these five 
assessment tools. Return on investment was ranked as (H) high, (M) medium, or 
(L) low. Social and environmental impacts were ranked as (F) favorable and (U) 
unfavorable. 	Long term sustainability was rated as (S) sustainable or (U) 
unsustainable and technological feasibility was ranked either (F) feasible or (U) 
unfeasible. 
Let us look at an illustrative example to see how a particular technology was 
assessed. For ocean disposal, the return on investment was determined to be low 
since the waste must be carried to the ocean on a barge, which will incur a cost to 
the paper mill. The long term sustainability of ocean dumping was considered 
unsustainable due to the recent environmental regulation restricting ocean dumping 
of waste. The social and environmental impact of ocean dumping was viewed to 
unfavorable. In the category of disposal, the most promising technology is landfill 
capping, which has a high return on investment and is socially and environmentally 
acceptable. The only drawback to this technology is its long-term sustainability, 
since landfill-capping feasibility is directly related to the distance of the landfill from 
the mill. With regards to treatment technologies, with the exception of freezing and 
thawing, all of the technologies listed have long term sustainability and favorable 
environmental and social impacts. However, the initial investment to purchase new 
gravity thickening, filter or belt presses, chemical conditioners, lime or fly ash may 
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reduce the overall return on investment. Geotextile tubes may present a solution to 
reduce or eliminate the need for filter presses and gravity thickening, since the 
sludge will be consolidated in the tube. The major advantage of the geotextile tube 
is its reusability (i.e. one the sludge consolidates, the tube can be reused until it 
reaches maximum capacity.) 
The most promising technology reviewed in the area of thermal treatment is low 
temperature wet oxidation. The only drawback to this system will be the initial 
startup cost to implement it. In the area of recycling and reuse, the use of paper 
mill sludge as a construction material is very favorable both environmentally and 
socially. These applications fall directly in line with the U.S. EPA policies for 
beneficial reuse. An immerging technology such as the use of paper mill sludge as 
vertical cut off barriers and slurry wall may provide a future high revenue yielding 
industry for paper mills. Conventional cutoff walls can also require substantial 
initial expenditures with the cost of raw sodium bentonite in the range of $70-100/ton 
(excluding shipping, handling and construction costs). On a large site, the cost can 
quickly multiply. 
Therefore, the search is for a technique which will both contain, and remove 
contaminants with relatively little energy input; can be constructed of an inexpensive 
material; and can be left in place for extended periods of time. 
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Table 1 Summary of Technology Assessment 
Technology Return 	on 
Investment 
Long 	Term 
Sustainability 
Social 
Impact 
Environmental 
Impact 
Technological 
Feasibility 
1.__Disposal 
Landfihling L U U U F 
Ocean Dumping L U U U U 
Landfill Capping H U F F F 
2. Treatment 
Gravity 
Thickening 
M S F F F 
Mechanical 
Dewatering  
M S F F F 
Geotextile Tubes H S F F F 
Chemical 
Conditioning  
M-L S F F F 
Lime/Fly 	Ash 
Stabilization 
M-L S F F F 
Hydrogen 
Peroxide 
Treatment 
M-L S F F F 
Freeze/Thaw 
Conditioning  
M U F F F 
3. 	Thermal 
Treatment 
HeatDrying L U U F F 
Ring Drying M S F F F 
Low Temperature 
Wet Oxidation 
M S F F F 
Pelletization M S U F F 
Co-combustion M U F F F 
Pyrolysis L U F F F 
4. 	Recycling and 
Reuse 
Lightweight 
aggregate 
H S F F F 
Bricks H S F F F 
Concrete H S F F F 
Kit 	litter H S F F F 
Reactive Barriers H U F F F 
Slurry Walls H S F F F 
Gasoline 	Spill 
Adsorbents 
H S F F F 
Mine reclamation M S F F F 
Dust Control M S F F F 
2. 	Land 
A 	lication 
M U F U F 
Composting H S F F F 
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In 1996, the TAPPI Foundation developed the research needs document for the 
paper industry (TAPPI Foundation, 1996). This volume represents the most recent 
effort by TAPPI and TAPPI Foundation to prepare a comprehensive list of the 
research needs for the pulp and paper industry. This document lists the top ten 
research needs for the paper and pulp industry and the first research need is to 
develop techniques for increased closure of mill systems, reducing liquid effluent 
discharge, and to extend practical moving toward the minimal environmental 
impact. With regards to environmental concerns in the paper industry, six 
categories were discussed: Water, air, solid waste, product, forestry, and public 
perception. The following is a list of the top ranked environmental research needs in 
the TAPPI report: 
1. (Water) Establish scientifically valid methodologies to assess the fate of residual 
compounds discharged in mill effluents and the effects of these compounds on 
human health and the environment. 
2. (Air) Assess the amount, chemical characteristics, and potential environmental 
and human health impacts and develop controls for volatile organic compounds 
(VOCs) and hazardous air pollutants released from pulp, paper and wood 
manufacturing. 
3. (Air) Eliminate odor from industry manufacturing facilities. 
4. (Water) Develop scientifically valid methods to conduct genetic risk assessment. 
5. (Forestry) Provide scientific validation for listing threatening and endangered 
species. 
6. (Water) Develop techniques for increased closure of mill systems and to extend 
the practical moving toward the minimum impact mill. 
7. (Solid Waste) Develop alternative methods for beneficial reuse of residual 
solids. 
8. (Air) Characterize the industry's overall effects on CO2 and 02 cycles. 
9. (Forestry) Optimize forest management practices to minimize cumulative 
watershed effects. 
10. (Forestry) use real time simulation through dynamic modeling of all mill systems 
for improved environmental performance. 
11. (Water) Validate bio-marker tests and bioassay methods as predictors of effects 
on human and ecological health. 
These research objectives are in accord with Agenda 2020 developed by the 
American Forest and Paper Association (1999). 
6. CONCLUSIONS 
The purpose of this paper was to develop an agenda for the future of paper mill 
waste management practices. This paper reviewed the state of the art in the 
management of wastewater treatment sludges in five categories: disposal, treatment, 
thermal processes, recycling and reuse, and land application. From the review of 
current technologies, the authors attempted to categorizes each technology listed 
with regards to long term sustainability, environmental impact, social impact, 
technical feasibility, and return on investment. At the 3 d` International Workshop 
for the Use of Paper Industry Sludges in Environmental Geotechnology and 
Construction, the authors will conduct a survey of the participants at the workshop 
to obtain feedback on Table 1. 
With regards to setting up a research agenda for future of waste management practices 
at paper mills, the authors reviewed the TAPPI report on the research needs for the 
paper industry (TAPPI, 1996). The number one research need for the paper industry 
is to reduce the amount of waste generated in the mills and to work towards the 
development of a zero waste producing paper making process. The primary waste 
management research objective pointed out by this report is to develop alternative 
beneficial uses for paper mill waste. 
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NEW MATERIALS IN EARTH CONSTRUCTION 
"Economical Experience and Business Opportunities" 
Ms Lena Gers, The Ecogeo Technology Programme, Tekes 
Tekes, the National Technology Agency of Finland (formerly the Technology Development 
Centre) spends approximately FIM 2 billion (EUR 330 million or US$ 350 million) per year on 
research and development work carried out in companies, universities and research institutes. The 
funding for Tekes comes from the Finnish Ministry of Trade and Industry, Tekes being the main 
organisation funding industrial R&D in Finland. 
The Ecogeo Technology Programme (1994 -1999) is one of approximately 50 technology 
programmes that Tekes coordinates. The Ecogeo Programme is part of a larger programme 
called Environmental Technology in Construction. The purpose of the entire programme is to 
develop internationally competitive products and methods and to adapt principles of sustainable 
development in construction. 
So far the Ecogeo Programme has involved 73 projects, of which 25 are research projects in 
universities or research institutes, while 48 are industrial product development projects. 
Tekes has provided FIM 22 million ( EUR 3.7 million or US$ 3.9 million) for the programme, 
while Finnish industry and research institutes have contributed FIM 30 million ( EUR 5 million 
or US$ 5.4 million), making a total of approximately FIM 52 million (EUR 8.8 million or US$ 
9.3 million). 
For more information on the programme you can visit the Environmental Technology in 
Construction web site on www.kolumbus.fi/finnmappartners/rym/eng, which, for instance, 
lists all the projects and the results of projects successfully completed. 
Below is a list of materials that have been developed for earth construction by the Ecogeo 
programme, some of which are already in use. 
-mineral based demolition waste reused in earth construction 
-peat ash granules 
-pulp and paper production and de-inking wastes in landfill cover material 
-steel slag based materials 
-seashore construction made of by-products from coal power stations 
-use of surplus fill 
-gypsum containing phosphorous 
-surplus foundry sand 
-by-products from titanium oxide manufacturing 
-"gravel" made out of fly ash and sulphur removal product 
-crushed tyres 
86 
During the programme we have seen that these materials have to fight suspicion and tradition in 
order to gain their share of the market. Legislation and regulations can support or prevent their 
use. They have a chance to succeed in free competition on the market if they are proven to be 
safe in technical and environmental terms and if they are cheaper and/or have some special quality 
that makes them superior to natural materials. 
The opportunities for new environmentally sound materials are very much bound up with the 
principles of sustainable development. In the industrialized world the trend is towards reusing all 
materials instead of creating landfills, whilst saving natural materials for the generations to come. 
The Finnish Waste Tax 
Virpi Haapakari, virpi.haapakari~'c .vm.vn.fi, Ministry of Finance, Tax Department 
INTRODUCTION 
In Finland, a tax on waste was introduced in 1996. Rather shortly after its introduction, it was 
brought to the attention of authorities by the taxable landfill operators and the waste materials 
recycling branch that the tax did actually not always encourage recycling. As indeed some 
adjustments were deemed to be needed, an Amendment (1157/1998) to the Waste Tax Act 
(495/1996) came into force in the beginning of 1999. 
In my presentation, I intend to go through the current Finnish waste tax and explain the grounds for 
the basic rules chosen, in particular as regards recycling, as well as some other related lessons 
learned. 
Objectives of waste tax 
The waste tax has both fiscal and environmental objectives. From the environmental point of view, 
by the time of the introduction of the tax, there was a need to complete the regulatory approach, 
which establishes the qualitative targets of waste policy, with a market based instrument that would 
hasten the achievement of quantitative goals, as well. The waste tax was seen to be a financial 
incentive that would reduce the generation of waste and increase recycling. 
From the fiscal point of view, the tax was established as an effort of our previous government to 
increase the proportion of environment-related taxes. The annual revenue of some FIM 180 million 
(30 million euros) accrues to the state budget and is not earmarked for any particular purposes. 
The scope, rate and payment of tax 
In the Waste Tax Act, waste is defined as any substance or object which the holder discards, or 
intends or is obliged to discard. 
Waste tax is levied as waste is delivered to a landfill. A landfill is defined to be a site where waste is 
disposed of on or in the ground and: 
1) which is operated by a municipality or any other entity on behalf of a municipality; or 
2) which is operated by any other entity for the purpose of placing waste primarily generated by 
other entities than that of the operator itself, excluding waste generated by a company of the 
same group. 
In the Finnish waste legislation, municipalities are responsible for management of household waste 
and any industrial, service or other waste which, on basis of its consistency, characteristics and 
quantity, is comparable to household waste. The scope of the Finnish waste tax is in line with this 
liability: the waste the management of which is the responsibility of municipalities, is also the 
primary target of the waste tax. 
88 
Roughly, only landfills that are operated by a municipality or on behalf of a municipality are in 
the scope of the tax, and private dumps, which in practice are located next to industrial production 
plants, are excluded. However, in order to ensure that household and comparable waste would not, 
to avoid the tax, end up in private dumps, the definition 2 of a taxable site (above) was needed. 
Waste tax is administered, levied and controlled by the Customs service. It is the operators of the 
taxable landfills that are liable to pay the tax, and they must register at the Customs for this purpose. 
The tax base is one metric tonne of waste. The rate of the tax is FIM 90 per tonne (= 15 euros). For 
sites without weighbridges, volume to weight conversion coefficients are prescribed in Waste Tax 
Act. 
Waste tax is accounted for quarterly on the basis of waste delivered to the landfill. The landfill 
operator has to file a waste tax declaration and pay the tax by a given date without any express 
request by the Customs authorities. The operator is entitled to credit for taxes paid or payable on 
waste which has been removed from the site during the three-month tax period. Thus, only the net 
amount of waste disposal is taxed. 
It should also be noted that the state waste tax is levied in addition to the municipal waste charges, 
the latter covering the actual costs of waste collection and treatment. 
When is the tax not applied? 
There are three kinds of situations in which waste tax is not applied. Firstly, some municipal or 
comparable landfills or other sites are excluded from the scope of the tax altogether. Secondly, some 
waste is exempt from the tax when delivered to a taxable landfill. Thirdly, under certain conditions, 
waste can be stored tax-free for up to three years. 
Types of sites excluded from the scope of waste tax 
The following are excluded from the scope of the tax: 
- municipal or comparable landfills where only soil and stone materials are deposited; and 
- municipal or comparable sites where separately collected biodegradable waste and sewage sludge 
are treated biologically in a separate area. 
Also, separate areas or sites where waste is recycled, such as road beds and noise barriers, are not in 
the scope of the tax. This provision was passed expressly in the Amendment Act, as there had been 
some unclarity regarding the interpretation of the definition of a taxable landfill in the original Act. 
The economic uncertainty entailed by a possible waste tax liability was considered to hinder 
recycling and thus actually oppose the environmental goals of waste tax. Indeed, even when waste 
materials are put to use, it often means their permanent placement on or in the ground, which is 
actually suggestive of their disposal on or in the ground, which, in turn, is subject to waste tax. 
On the other hand, waste disposal in general is costly, and waste tax and waste charge avoidance 
might induce creative, inappropriate disposal disguised as recycling. Should questions of 
interpretation still arise, the tax authorities can for instance turn to the environmental licence of the 
recycling site in question to determine whether the recycling is legitimate. 
Waste exempted ata taxable landfill 
The following are exempted from the waste tax when delivered to a taxable landfill, provided that 
they have been sorted from other waste prior to delivery. 
1) Contaminated soil which may be placed in the landfill in question: 
As cleaning of contaminated soil is expensive, it was found that a tax would have further 
discouraged this useful activity. 
2) Waste paper de-inking sludge: 
This exemption was granted mainly for competition reasons, as most operators in the sector used 
private dumps which are not in the scope of the tax. 
3) Fly ash and desulphurisation waste from power plants: 
These result from cleansing of combustion gases and are exempted for environmental reasons when 
placed in municipal landfills. 
4) Waste recycled at the landfill: 
Originally, before this year, once waste had entered the landfill and thus passed the tax point, it 
would in principle always be taxed. It made no difference whether the waste would merely be placed 
in the dump or whether it would be put to use, i.e., recycled, in the necessary constructions of the 
dump. Soil and stone material waste was exempted, though. 
In several instances, this practise was found to discourage the use of waste as construction material 
at municipal and comparable landfills. 
For instance, some bulk wastes from industry and energy production could have been suitable cover 
materials. Most often, they are disposed of at private dumps, operated by the industrial production 
plants actually generating the waste, thus not in the scope of waste tax. The variable cost of their 
disposal is clearly below the waste tax of FIM 90 / t, thus the producer of waste had no incentive to 
offer the waste as a cover material for a nearby municipal landfill and pay the tax. Neither had the 
municipal landfill operator the incentive to accept the waste and pay the tax himself, as virgin soil 
and stone cost approximately half of the tax. 
In another example, a compost located on a separate area next to a taxable landfill site - already 
composted tax-free - was found unsuitable for household use, but still suitable for the covering 
layers of the dump that was being closed. Yet, according to the original Waste Tax Act, using the 
compost at the landfill site would have changed its tax status from a tax-free compost to a taxable 
waste. Consequently, it was more economic to purchase virgin soil instead. 
To avoid situations like this, from the beginning of this year, waste recycled as a construction 
material at the landfill has been exempt from waste tax. Once again, to avoid tax evasion, the 
exemption covers indispensable construction and building during the establishment, use, closure and 
after-treatment of the landfill. The recycled fraction must be sorted prior its delivery to the landfill. 
The original intention was to exempt all waste recycled at the landfill. Eventually, it was enacted that 
recycling of glass waste and uncrushed concrete (concrete pieces with a diameter of more than 150 
millimetres) at the landfill, however, is always taxable. The purpose of this provision is to encourage 
the delivery of glass and concrete waste to the already established recycling points. This way these 
two waste materials can be processed for more refined uses. The exclusion of these two 
fractions from the scope of the tax-free recycling at the landfill is a good example of how the 
generators of waste, different operators in the recycling business and landfill operators may have 
their own, distinct goals that they would like to pursue by different waste tax models. 
Storage areas 
A site where sorted waste is deposited temporarily for less than three years is not considered a 
taxable landfill. The purpose of the storage areas is to promote recycling. Originally, tax-free 
storage was possible for a maximum of one year only, and this period was extended to three years at 
the request of the recycling business, which often stores waste in conjunction of the taxable 
municipal landfills. In particular in sparsely populated areas the one year period was found too short 
in order to produce commercially viable amounts or full loads of waste. Also, the supply of waste 
materials and their demand do not always coincide temporally, and a buffer periodis needed. 
The storage area is not a means of delaying the tax point by three years. For waste to be stored tax-
free, there must be a realistic plan concerning either its intended recycling or, alternatively, any 
treatment pending disposal. The operator of a storage area is obliged to keep records of the deposited 
waste and may be subject to an audit by the Customs. 
Problems with expansion of tax base to private landfills 
Currently, only municipal and comparable landfills are in the scope of the waste tax. Three years 
ago, waste tax was introduced as a new kind of tax, of which either the tax collecting authority or 
the prospective taxable landfills had no experience. Municipal, in other words public, and 
comparable landfills were considered a good starting point, as they were already subject to waste 
treatment charges. 
Recently, a work group submitted its report to the Ministry of Finance on issues related to the 
expansion of the tax base of waste tax to the some 100 private industrial production waste dumps we 
have here in Finland. 
In the report, it was stated that some industries (such as pulp and paper, basic metals, chemical and 
energy production) generate large amounts of some bulk wastes for which feasible, cost-effective 
recycling technologies have not yet been invented. Neither are there alternative production methods 
to avoid the generation of these types of waste. For these wastes, there would not have been any 
possibility to avoid the tax, provided that the actual production in question would continue. In 
particular, for some of the industries, the waste tax bill would have been substantial — this naturally 
would have depended on the tax rate. Consequently, to avoid severe economic difficulties in some 
cases, certain types of waste should have been exempted from the tax. 
However, there are problems related to industry-specific or firm-specific exemptions, for instance: 
- How is the basis of selection established and determined: which fractions of waste imperatively 
need to be exempted on financial grounds. Still, firms will be likely to lobby for more exemptions. 
- Industry-specific or firm-specific exemptions can be considered as state aid, which for a European 
Union member country is regulated at the European level. The exemptions need the approval of the 
European Commission, which may bring certain difficulties to the management of a national tax. 
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- Only known, existing fractions of waste can be exempted. 	This 	could 	hinder 	dynamic 
development by giving a competition advantage to the existing producers using existing technologies. 
Most members of the work group mentioned considered that under these circumstances the 
expansion of the tax base would not be a practical solution. Naturally, not taxing all landfills could 
produce competition problems as such. However, the tax-free private landfills are typically used by 
large production plants which do not compete with the generators of the taxable household and 
comparable waste. For the moment, the taxation of private dumps is not under preparation. 
Final points 
In theory, there seem to be endless possibilities to add fine-tuned incentives to a waste tax model. In 
practise, the more traits there are, the more difficult it gets to actually administer, collect and control 
the tax. 
The main motive for the recent changes in the Finnish waste tax was to promote recycling and 
increase the environmental effectiveness of the tax. For this, some compromises from the control 
point of view had to be made as regards the tax-free recycling at the landfill. How this will actually 
work in practise, remains to be seen. 
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Controlled closing and after-treatment of landfills with the waste materials 
of energy production and industry-method development life 97 
env/FIN/326 Final report 
Keijo,Haavikko, Viatek Oy, 
1 INTRODUCTION 
Based on the principles of sustainable development Finnish and EU waste and landfill 
regulations direct us to reduce waste and to utilise waste materials when ever possible. 
The Finnish government decision on landfills (VNp 861/97) and the draft of the 
Common Position of the Council of the EU with a view to adopting the Council 
Directive on the Landfill of Waste give the general principles for landfill closing and 
the structural requirements. After the landfill has reached the final height it must be 
covered according to the set regulation. 
The new landfill directives lead us to the situation, where it is economically and 
financially difficult to modernise all landfills to comply the directives. Several of 
them must be closed and after-treated. 
The clean surface waters of landfill sites and external run-off are to be kept separate 
from the wastes and landfill leachate. The landfill is to be managed so that amount of 
landfill leachate leaving the site and its loading on the environment are minimised. 
Landfill gas is to be collected and treated or combusted as required. 
Table 1.1. The required surface protection layers in closed landfills (VNp 861/97). 
Layer Classification of Landfill 
Ordinary waste Hazardous waste 
Surface/vegetation >1 ,O  m required required 
Drainage layer >0,5 m required required 
Impermeable barrier >0,5 m required required 
Artificial barrier not required required 
Gas collection layer required if nesessary 
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If non-renewable natural soil material is to be used, this will give rise to 
substantial changes to landscape, the environment and to the ecosystem. Besides it is 
generally difficult to find suitable natural materials and thus one has to turn to man-
made materials. Being industrial products, these are usually fairly expensive. 
The regional Waste Management Plan of Uusimaa aims to answer the following 
questions: 
• How to prevent waste production concretely? 
• How to reduce the amount and harmfulness of waste? 
• How to promote the utilisation of waste primarily as matter and secondarily as 
energy? 
• How to organise the waste management so that it does not cause danger or harm to 
health or environment? 
In the western Uusimaa there are about 40 ha of landfill area to be closed, in 13 
municipal landfills and ten industrial landfills. In the meantime, the industry and 
energy production in the region produce waste materials that would be suitable for 
utilisation; only the locations should be found. 
The aim of this project was to generate a new regional method for economical and 
environmentally sound landfill closing. The method can be applied locally or 
regionally both in Finland and EU area as well as elsewhere in the world. The method 
will 
• increase the cost efficiency of landfill closing 
• guarantee the quality of surveys and plans of landfill closing 
• decrease the amount of natural materials used 
• promote the reuse of industrial by-products and prevent their uncontrolled dumping 
• enhance the closing and landscaping constructions 
• create jobs 
• increase co-operation between the industry, municipalities and authorities. 
An additional aim of the project was to promote the simplification of environmental 
permit processing. 
The method include instructions for the material studies and preliminary landfill 
surveys as well as for the structure planning and construction. The environmental 
impact assessment and monitoring is also vital. 
As a pilot case the closing and after-treatment procedure is carried out in Koivissilta 
landfill, Vihti. The building materials used were the fibre sludge of Metsä-Serla Ltd. 
Kirkniemi mills and the fly and bottom ashes of Helsingin Energia. The ashes of 
ashes are suitable for the purpose, the amounts produced are big enough and because the 
company has been very active in co-operation and research and needed help for the 
utilisation questions. 
2 PROJECT ORGANIZATION 
The project was managed by Solid Waste Management of West Uusimaa. The 
organisation for management and supervision consisted of a steering group and a work 
group. 
The steering group included the representatives of 
- 	Solid Waste Management of West Uusimaa 
- 	municipalities of West Uusima 
- 	companies producing by-products: Metsä-Serla Ltd. Kirkniemi, 
UPM-Kymmene Ltd. Lohjan Paperi, Helsingin Energia 
- 	Finnish Environment Institute (FEI). 
The work group included the representatives of 
- 	Solid Waste Management of West Uusimaa 
- 	Finnish Environment Institute 
- 	Viatek Ltd (consultant). 
The steering group had meetings in December 1997 and December 1998. In addition to 
that the steering group was informed regularly about the progress in the project. The work 
group carrying out the work in practice met regularly, approximately monthly. 
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3 TECHNICAL ACTIONS 
The plans for landfill closing and after-treatment were done by Viatek Ltd. During this 
project the plans were made for Koivissilta landfill in Vihti, Lohja station's landfill, 
Stormossen landfill in Hanko, Österby landfill in Tammisaari and Karjaa landfill 
(Annex 1). In addition to that the general programming of the closing of other landfills 
in West Uusimaa was done. 
The Koivissilta landfill in Vihti was chosen to be the actual pilot site because the idea of 
industrial by-product utilization in landfill structures was established in context of 
Koivissilta and the closing of this landfill was of current interest. 
3.1 Preliminary survey 
As the first step, prevailing conditions of the pilot site Koivissilta landfill and Lohja 
station's landfill were studied in order to determine the need and allocation of technical 
measures. Both of the landfills are potential risk landfills because some hazardous waste 
has been dumped to them. All existing material concerning technical information and 
previous environmental monitoring was collected from the municipal files. Similar 
surveys were carried out also in Hanko and Tammisaari and Karjaa landfills. 
Field investigations were carried out in the autumn of 1997 by Viatek Ltd. Both landfill 
sites were mapped to estimate the volume and area of waste deposits. Groundwater 
monitoring pipes were installed to measure leachate accumulation inside the waste 
deposits. The level and characteristics of ground soil underneath the waste were 
investigated by borings and soil sampling. 
The preliminary survey of the landfills to be closed includes the following: 
• site information, e.g. location and its impact 
• hydrogeological information 
• leachate conditions 
• landfill gas conditions 
• filling history and waste bank structure 
• possible additional investigations 
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3.2 Material studies 
The geotechnical and environmental characteristics of the waste materials (fibre waste 
and ash) have been studied by Viatek Ltd./SGT. The materials studied before and during 
this project include Metsä-Serla Kirkniemi fibre clay (produced 50000 t/a) and fly ash, 
UPM-Kymmene Lohjan Paperi fibre clay, Helsingin Energia fly ash (112000 t/a), 
bottom (29000 t/a) ash and desulphurization residue. The studies included strength, 
permeability, toxic compounds and the solubility of the toxic compounds. 
Analyses of total element contents were carried out on samples taken from used by-
products at test structure sites. In total content analyses extracts are removed from 
samples using nitrohydrochloric acid at 90°C and analysed by ICP-AES or MS methods. 
Results were compared with proposed highest levels of toxic substances permitted in 
construction materials used in earthworks and with other currently valid guidelines. 
As solubility tests can be applied maximum solubility tests (e.g. Dutch NEN 7341) 
diffusion tests (e.g. Dutch NEN 7345) and colon tests (e.g. Dutch NEN 7343). 
Figure 3.1. Example of material studies in laboratory 
3.3 Impact and risk assessment 
The environmental risks of the landfills were estimated. Usually risk is determined as a 
product of the size of the impact caused and the likelihood of it to happen. The existing 
information of prevailing conditions and environmental impacts were studied carefully. 
Available results of previous soil investigations (ground characteristics, hydrogeology) and 
the results of environmental monitoring (e.g. amount and composition of leachate, 
emissions to discharge brooks and groundwater) were collected and analysed. The 
information was used for the planning of the landfill structures and water treatment 
systems as well as the monitoring. 
In most cases the impacts of landfill closing can be estimated as shown in the table 3.2. 
Table 3.2. The general environmental impacts of landfill closing 
Target of impact Impact 
ground and waters slow purification, risks managed 
air quality less dust and odour, less traffic (depends 
on the future land use)  
nature usually positive, excluding rats 
health because of air and water quality usually 
positive 
quality of life positive 
land use, landscape and cultural 
environment 
usually positive 
trade and industry depends 	on 	the 	changes 	in 	waste 
management 
In the Lohja station's case the impacts were evaluated from the EIA (Environmental 
Impact Assessment) prepared for the new waste management centre that will be built on 
the area. 
In the Koivissilta landfill three test fields were constructed for in situ studies. The 
materials used for the impermeable barrier layers on the fields differ from each other. 
One field was made of 3:1 mixture of waste fibre (paper mill sludge) and fly ash. The 
two other fields were constructed of plain fibre waste, one of these is crushed and mixed 
before spreading. The potential leachate is collected to closed wells and the amount and 
characteristics of the water will be studied regularly. An odour survey of construction 
materials (volatile sulphur compounds) was also done in Koivissilta landfill. 
Impermeable barrier layers in test fields 
Field 1: fibre clay from pile 
Field 2: fibre clay + fly ash 3:1 (by volume) 
Field 3: homogenised fibre clay 
Drainage layers in test fields 
Field 1: bottom ash 
Field 2: sand 
Field 3: sand 
Surface/vegetation layers in test fields 
Field 1: homogenised fibre clay + composted sludge from municipal water treatment 
plant 3:1 
Field 2: homogenised fibre clay + composted sludge from municipal water treatment 
plant 3:1 
Field 3: homogenised fibre clay + composted sludge from municipal water treatment 
plant 3:1 
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Figure 3.3. Principals of Koivissilta test structures. 
Figure 3.4. Koivissilta test fields. 
Study shows that the concentrations of odour causing compounds of fibre clay 
(Kirkniemi mill) do not cause harm to health. 
ca. 30 
The in situ studies will include regular tests for the following: 
• permeability 
• strength 
• stability of the slopes 
• biodegradation 
• leachate volume and characteristics. 
The leachate monitoring could not be carried out quite as planned since the structure 
had not had enough time to settle. Few analysis were done, but the results were not 
reliable yet. The monitoring will be continuing after this project. For proper 
monitoring the protection structure should be completed for the entire landfill area 
before the sampling in order to prevent the disturbance of the "open" area. 
Conditions of decomposition were evaluated by measurement of pH and redox 
potential. In the first investigation, a state of oxygenation was observed at over a 
metre down from the living layer. In this state, decomposition of organic matter to 
carbon dioxide and water is rapid. The impermeable barrier layer is in a non-
oxygenated state where microbiological decomposition takes place anaerobically. 
Fibre clay can be assumed to degrade more slowly under these circumstances than in 
aerobic conditions. The barrier layer can be estimated to hold its protective 
characteristics long enough (at least 30 - 50 years) due to the fact that most of the 
consolidation of a landfill happens during the first 10 - 30 years after which the 
changes in shape are not remarkable and the fact that the fibre clay layer becomes 
even more compact when the organic matter stars to decompose. The glucose 
concentration monitoring that was planned at the first place was not a good method 
because of the very small concentrations. 
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Figure 3.5. Redox-measurement results of Koivissilta test field. 
In order to monitor the stability of the structure on the slope so called inclinometer 
pipes were installed. The pipes are made of thin aluminium and they bend in 
accordance to the movements of the structure layers. The movements of the pipes are 
monitored with separate electronic equipment and the results are processed with 
computers. The figure 3.6 shows the principal of the inclinometer pipes in landfill 
structure. 
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Figure 3.6. Inclinometer in landfill cover protection structure. 
The installed pipes were monitored monthly. The so called 0-position measurement 
was done October 13, 1998. The first actual monitoring measurement was done 
October 28, 1998 and the second December 3, 1998. The results show that no 
substantial movements had occurred. 
Based on the risk assessment the monitoring programmes were prepared for the 
landfills. The impacts are estimated for as long time period as possible. 
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3.4 Planning of pre-construction, construction and temporary use 
The pre-construction includes pre-covering of waste and potential temporary 
structures. All the plans take the environmental risks into consideration. The pre-
covered landfill area serves as a storage area for construction materials. In Koivissilta 
landfill there will be operating a recycling station. The Lohja station's landfill will be 
landscaped mainly by woods. There has not been planned other temporary use. 
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Figure 3.7. Required characteristics of different layers of the landfill cover protection 
structure. 
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3.5 Construction and temporary use 
Based on the material studies done before and during this project the construction 
material selection was done. The major results are reported in the material cards 
(Annex 2). Similar cards were prepared for the working methods (Annex 3). 
Material selection is done based on the 
• environmental usability 
• distance between the end location and the producer = > logistics 
• economy 
• possibility to be mixed with other materials 
• technical characteristics (compactness, strength, water-resistance etc.) 
• different structure layers 
• other suitability factors 
• future land use of the landfill area. 
Fibre clay/sludge is formed of the sludge from the mechanical pre-treatment of the 
waste waters of pulp and paper industry or the deinking residue from the cleaning of 
recycled paper. The quality of sludges vary depending on the process etc. Fibre clay 
consists of fibres of different lengths and inorganic clays (kaolonic, talk, bentonite) 
mineral oxides and various inorganic components used as surface coating agents. 
Deinking waste may contain heavy metals derived from printing ink pigments and so 
the use of it may be somewhat restricted. 
Storage has less effect on the properties of deinking waste than those of fibre sludges. 
As to fibre sludges, water content drops, organic matter content drops, water 
permeability decreases. When stored in a silo, the properties of the ash do not in 
practice alter, but when stored in piles the compression strength drops and water 
content increases. 
The covering structure layers in Koivissilta landfill are the following: 
Layer Thickness Material 
Vegetation layer 0,2 m Organic 
Surface >_ 1,0 m Paper mill sludge, 
composting end-product, 
fly ash for frost protection 
Drainage layer, >_ 0,5 m 
(k ? 10-3 m/s) 
Bottom ash 
Impermeable barrier >_ 0,5 m 
(k <_ 10-8 m/s) 
Paper mill sludge, (fly ash) 
Space for gas venting  
Pre-covering Excess soil 
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The first test structures in Koivissilta landfill (built 1996-97) seem to confirm the 
laboratory studies of Kirkniemi fibre clay. The shape change durability of fibre clay is 
excellent due to the elasticity of the material. It is more resistant to freezing and 
unbalanced loading than other materials and does not crumble as several other materials 
do. The water permeability of fibre clay has been proved to be sufficiently low for 
landfill construction. The construction properties are also outstanding. Material does not 
become sludgy as clay does. Experience has proved fibre clay to be a homogeneous, 
weather proof material which withstands changes very well. The material can be stored 
at the construction location. Due to its ease of handling and the technical properties of 
the material, construction can be carried out in phases. It is also easy to carry out some 
later changes to the constructions. Fibre clay is excellently suited for use in protective 
constructions such as landfill surface coverings and base linings, road constructions, 
composting areas, ground water protection and encapsulation of contaminated soil. 
3.6 Development of measurement and method instructions 
For the material studies the measurement technology and equipment had to be 
developed and customised. Homogenisation of paper sludge was tested in the 
laboratory. As a result it was found that one paper sludge needed to be homogenised by 
crushing and the other did not. Also mixing methods for mixing paper sludge and either 
fly ash or some other components were tested. Compactness of materials was 
determined by using many different dynamic compaction workloads. The effect of 
various water contents of materials on the compaction was also tested. These tests 
showed that dynamic is better than static compaction workload for paper sludge 
material. 
The measurement technology was also developed for the test field studies. The stability 
and movement of structure layers are measured by vertical pipe structure, figure 3.6. 
The biodegradation was estimated by the redox conditions, figure 3.5. 
The geophysical methods were applied in order to study the bedrock of the Lohja 
station's landfill. 
3.7 Monitoring 
Monitoring is an equipment to assure the technical quality of the construction work and 
to minimise the environmental risks. The monitoring programme was prepared for the 
test fields of Koivissilta landfill and for the landfill closing in general. The study 
programme included the following: 
1. Strength 
2. Bearing capacity 
3. Stability of the slopes 
4. Compactness 
5. Permeability 
6. Long term stability/ biodegradation 
7. Movement of hazardous substances 
8. Solubilities 
Table 3.8. Water monitoring of Koivissilta landfill.. 
Parameter Leachate Ground water Surface water 
tem eråture (°C) : ;_ x x x 
oxygen (02 mg/1 and sat. %) x x x 
solids (n lI) ;,.: X X 
conductivity (mS/m) x x x 
chloride :(Cl mg/I) 
x  x x 
H x x x 
alkalinity (minöl/1) ., 
 X 
turbidity (FTU) x 
colour • x x x 
KMnO. (Mg/1) x 
chemical oxygen demand ' 
CODcr (mg 02/1) 
x : 
______  
x 
biological oxygen demand 
BOD (m /1) 
x x 
fotål nitro en 	( 	/1) , x x 
NHa-N ( 	/1) x x x 
NQaN( 	l) X 
NO2-N ( 	/1) x 
total phosphorus P:(: 	/1) : x x' 
Fe (m /1) x 
faecal sfr 	tocöcs(/100 m i) x 
faecal coliforms (/10) ml) x x 
thermal resistant colifozms 
U loo m1)  
x. 
coliforms (/100 ml) x 
mineral 'oils j(m /1) x _ 
oils and fats x 
mercury H (m /l) 
x 
chromium Cr 	/I x 
In the monitoring of closed landfills the characteristics of 
• landfill waters, 
• groundwater and surface waters (table 3.8), 
• leachate, 
• landfill gas and 
• structures are monitored. 
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Regular quality assurance monitoring of waste materials has been started in 
Kirkniemi paper mills and Helsingin Energia power plants for the same characteristics 
as studied in this project. 
The quality assurance of landfill closing structures include the assurance of the 
following: 
• measuring 
• thickness of the impermeable barrier layer 
• homogenity and blending of materials 
• compaction work 
• impermeability 
• shear strength and bearing capacity 
• smoothness of the surface 
3.8 Method instructions 
The method instructions are based on the pilot case. The material and experience for 
the instructions were collected and reported as material and working method cards 
(Annexes 2 and 3). The programme for West Uusimaa is presented in Annex 1. The 
total amount of fibre clay produced in Finland is hundreds of thousands of tons per 
year (60 000 t/a in West Uusimaa), the annual amount of fly ash about 570 000 t and 
bottom ash 140 000 t. 
The processes and sludges vary from mill to mill. At the moment a large quantity of 
sludges is incinerated, but in the future the waste management policies and regulations 
will be changing to promote the utilisation of the waste materials for example in 
construction purposes. The fibre clay characteristics vary also, so they must be 
studied before utilisation. 
In 1996 there were 390 municipal waste landfills in Finland. By 2005 there will be 
fewer than 100. All together there are around 1200 closed landfill sites in Finland. 
The developed method may be applied for the closing and after treatment of all those 
closed landfills. The method fulfils the Finnish and EU (drafted) landfill regulations 
and guidelines. The biggest problem will be the lack of large enough quantities of 
fibre clay and fly ash. 
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The method includes the following phases (Annex 4): 
• planning and design 
• material selection and quality assurance 
• bidding for and guidance of contractors 
• materials 
• logistics 
• supervision of construction 
• scheduling and documentation 
• preparation of geotechnical and environmental monitoring programmes 
• bidding of supervision. 
4 SIGNIFICANCE OF THIS PROJECT FOR INDUSTRIAL WASTE 
MANAGEMENT 
This method development project has promoted remarkably the development of 
industrial waste management towards modern utilization. The biggest importance of 
this project is seen in promotion of the utilization of paper industry fibre sludges. As 
an indication of the success of this project are the extend commercialization project 
and foundation of a marketing company, which will happen by June 1999. The 
development that started from this Life-project will lead to the establishment of a 
concrete service entirety and exportable product. An aim is also to continue the 
standardization of planning and permit practices. 
The first product is material called FINNCAO L8 for the impermeable barrier layer of 
landfill cover structure. After this first phase similar materials with own code names 
will be developed for other purposes, such as road- and field structures, landfill 
bottom structures and encapsulation of contaminated soil. The main object is to 
promote the waste material utilisation and decrease the amount of prejudices. 
Remarkable portion of fibre sludge in Finland is incinerated either as itself or together 
with bio sludge. Incineration is done in paper mill power plants, usually in fluidised 
bed... This incinerated portion of fibre clay forms a clear increase potential to Finncao 
concept. The hierarchy in Finnish and European waste legislation is the following: 
firstly the amount of waste should be reduced, secondly waste should be reused as 
material and the final alternative is to use waste as energy source. The efficiency of 
fibre sludge incineration for energy is poor, so the construction use possibilities of 
Finncao can be seen very economical. 
According to the draft of the proposal for a council directive on the incineration of 
waste the regulations are tightening, which is also benefiting Finncao concept. If the 
new norms are applied in existing plants, the costs will increase enormously because 
of the new purification and monitoring systems. 
One must also take into consideration the principle of Best Available Technology 
(BAT). This principle is considered when the authorities make permit decisions, 
which ones again directs toward waste utilization in construction purposes instead of 
incineration no matter what the future directive on the incineration of waste says. 
In spite of all other factors, costs are the most important thing affecting industrial 
operation. The developed utilization method provides an economical solution for 
industrial waste management. 
5 CONCLUSIONS/ENVIRONMENTAL BENEFIT 
The results of the project are promising. The experience shows that the landfill 
structures can be built almost solely by using waste materials. The building expenses 
can be reduced remarkably because of the savings in the material costs. The same 
savings can be seen in industrial waste management costs. 
The material studies have shown that the industrial waste materials are suitable for 
construction use. The modern landfill structure layers, for example, may be 
constructed using solely waste materials. The sludge from paper mills, so called fibre 
waste or fibre clay, can be used in impermeable barrier layers and ground water 
protection. It's permeability k is lower than 10"$ m/s. Fibre clay withstands uneven 
consolidation and, unlike many other materials, it does not crumble due to its fibrous 
structure. Because of its geotechnical properties, fibre clay may also be used on 
sloping surfaces. The easy workability and technical properties of the material mean it 
is possible to carry out construction in phases. If required, structures made of fibre 
clay can be later supplemented with, for example gas collection equipment. 
The utilisation of waste materials promote the sustainable development by decreasing 
the amount of waste rejected and the amount of natural soils needed for the 
construction purposes. This gives also new opportunities to industrial waste 
management, which is otherwise becoming more and more expensive. Landfill closure 
demands great masses of earth. According to a government resolution, one hectare of 
protective surface covering requires about 42 000 m3 of earth which is equivalent to 
about 3000 lorry loads. In Finland alone hundreds of landfills will be closed and after-
treated in the near future. The use of natural earth has great impacts on the 
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environment, the landscape and the ecosystem. It is difficult to find sufficient 
masses of earth making it necessary to use artificial materials and transport materials 
long distances. This causes extra expense and is environmentally detrimental. 
Municipalities are not usually prepared for the high costs of landfill closure. 
The developed method is suitable for individual and local construction. Raw materials 
can often be found from nearby paper mills and power plants. Practically 100 % of 
paper mill wastes can be utilized while waste disposal expenses fall. Landfill 
construction total expenses decrease remarkably compared to the cost of using 
traditional materials. 
The total annual amounts of the most important waste materials for this method are in 
Finland the following: fibre clay - hundreds of thousands of tons (in West Uusimaa 
60000 t), fly ash - 570 000 t, bottom ash - 140 000 t. Several mills incinerate their 
fibre sludge. Efficiency of fibre sludge incineration is low and the investments are 
costly. This is why the paper mills should give up the incineration and increase the 
material utilisation of fibre sludge/clay. In the future the EU directives should 
promote the same objects. 
The utilisation of industrial wastes also serves to free landfill capacity for other wastes 
thus extending the life of the landfill. In the course of carrying out the test 
constructions it was shown that practically no natural materials need to be used for 
landfill constructions. This will result in less stress on the environment. 
The project has given an opportunity to show in practise that the method is really 
working. It has both economical and environmental benefits. We have also learned a 
lot about the possibilities and limits of these waste materials and the landfill closing 
method. This project has also promoted the co-operation between industry, 
municipalities and authorities, due to which the utilisation of waste materials in soil 
construction is facing less objections. 
In association with the method development project a product creation project was 
undertaken and commercial FINNCAO material and service created. The service 
include planning, materials and construction according to the developed method. 
All the parties participating in this Life-project — waste material producers, waste 
management company, landfill owners etc. - benefited in some way. 
Project manager and possessor Solid Waste Management of West Uusimaa benefits as 
waste management company from the reduction of costs in landfill closing and 
establishment construction as well as in the management of industrial waste. The 
operating time of landfills will also be lengthened when industrial waste materials are 
directed elsewhere. Being active in developing new environmentally friendly solutions 
gives an image benefit. The utilization of industrial waste materials can also be 
commercialized and it will then provide a source of income. In addition to all that 
some useful new contacts were formed between the waste management company, 
industry and environmental authorities. 
In most cases the landfills are owned by municipalities and in any case most of the 
waste management expenses are turned to municipalities. The method developed in 
this project will thus benefit the participating municipalities by the means of reduced 
waste management and landfill investment costs. Hopefully the new contacts to 
industry and governmental offices are advantageous to municipalities, too. 
The whole idea of waste material utilization and its development is derived from the 
profits of industry and energy production. The main objective is to rationalize their 
waste management and reduce the costs. Because there is no more need to dump the 
waste in landfills, the created method provides savings, especially in case of high 
landfill fees. Environmentally friendly image is also supported. Industry and energy 
production also get the biggest benefit from developing co-operation with other 
parties. The commercialization of waste material utilization would bring income to the 
material producers instead of waste management costs. 
Several paper mills combust their fibre sludge. The efficiency of fibre sludge 
combustion is poor and the investment costs of potential new power plants are high. 
This is one reason why paper mills should direct their fibre sludge to construction use. 
The future legislation may make the combustion even impossible or at least less 
profitable. This would promote the other utilization forms. 
In addition to employment Viatek Ltd. benefited also from the increase of know-how. 
Viatek Ltd. has become a leading consult in development and planning of industrial 
waste material construction in Finland. The project has raised interest. abroad, too. 
The environmental benefits are achieved by decreased need of new natural soil masses 
in soil construction. Controlled closing and after-treatment of landfills reduce their 
environmental impact and risks. 
The follow-up of this project and the future of waste material utilization need next 
publicity and education and further development in order to create the necessary 
conditions for it. The aim of the extension projects is to create, by research and 
development, new materials for other soil construction purposes, such as road and 
field structures 
The future waste combustion directive of EU should take the utilization possibilities 
into consideration and support them. Depending on the content of the directive the 
waste material utilization will either became very valuable or totally unreasonable. 
At the moment the situation is excellent for the waste material producers. There is 
actually lack of proper materials. This hinders a little the dissemination of utilization 
possibilities. A known fact is that the amount of landfills to be closed is reducing. At 
the same time there is also less space for disposition of industrial waste. This makes 
the development work of new possibilities necessary. 
This project has provided publicity to Life-programme and objectives of 
European environmental policy. The method can be widely applied all over the world. 
All parties benefit, but the biggest winner is our common environment. 
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FINNCAO 
Tarja Pinnioja-Saarinen 
Solid Waste Management of West Uusimaa, Rosk'n Roll 
Lohjanharjuntie 480, FIN-08100 Lohja, Finland 
pinnioj a-saarinen@rosknroll . fl 
Introduction 
I'm here to tell you about a product called Finncao and company named Finncao Ltd. I come 
from a waste management company Länsi-Uudenmaan Jätehuolto Oy and here I represent the 
new Finncao company, Finncao Oy 
Background 
This new company has been established as a result to all that Keijo has told you about. But before 
I tell you more about this company, I go back in history and tell you my story how we ended in 
this present stage. The time range is only one and a half years so we don't have to refresh our 
memory about the ancient Romans. With all that successful research and development in the 
LIFE project it soon became evident that we had all the elements of commercialisation at hand. 
I came in the picture in the late 1997 with instructions to design a product out of these elements. 
In this field I had no experience but I accepted the offered job - it sounded challenging enough 
and had potential to succeed. As I saw it, all we had to do was to convince everybody that 
"waste" is a product. And that it is safe to use. 
Product development 
It is very trendy at the moment to design products out of waste material. But what makes a 
product a product? In my mind it is - to a great extend - a matter of terminology. We simply drop 
out terms like waste and sludge and start calling them by-products or raw materials. In the case 
of Finncao we started to talk about fiber clay and never mentioned the word sludge again. Also, 
to be a product, waste materials, - like all products - need consumption and markets and sales 
promotion and growing demand and all those familiar elements within regular product 
consumption and marketing. 
All that we had to create. 
Since we are modern people we also keep in mind that a product has a lifecycle with some 
impacts on the environment. For our product, lots of research had been done in the LIFE-project 
but we required some additional studies to give a complete picture in this field. 
If we try to think of waste as any product we start from the raw materials. In this case they are 
by-products of paper industry and energy production. If we can show that these raw materials are 
safe to use and nothing harmful will be added during the production we are about to get extra 
credit for the waste origin of our product. Here we would be close to situation where people 
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think its better to use our product because its raw materials come from increasing waste 
mountains. 
That's exactly how we want them to feel. But to have evidence of the harmlessness of waste 
materials means more and more research. Somehow, in a case of a waste material, the need for 
extra studies in order to get approval, feels unfair. 
We all know that in the past there has been a number of products entering the markets with 
minimal - if any - study of their actual characteristics. But at our age even clean products are 
strictly controlled and if we wish to compete we have to accept this fact. 
At the start of our project, although we knew quite a lot about the materials and their potential, to 
design a product or a product family meant also meeting the regulations. In legislation there were 
things that could have stopped our arguments on money savings by using fiber clay products. For 
example there was the Finnish Waste Act on our side but the Finnish Waste Taxation Act against 
us. Last year the latter had some minor corrections in favour for us - as if we had had any 
influence on this. 
As the utilization of our by-products and waste is and will be controlled via a complicated permit 
system, it was important to keep the authorities aware what we were achieving. I should think 
that we had good co-operation with the authorities and the publicity around the project helped us 
to pass information to where it was needed. 
For our product there was potential in the number of landfills to be closed. At times during the 
project we worried if we had enough material for the intended purpose - and at times we worried 
that no way could we create a demand for all the fiber clay produced in Finland. The question 
arouse: "Should we start to plan on exporting our product?" 
Keijo has told about the research part of the LIFE-project. Finncao-project was so well 
synchronized with the LIFE- development project that people who were involved had difficulties 
to keep them separate. Actually there was only one reason to keep them apart and it was the 
financing. Product design money came purely from the Finnish sources; private companies and 
SYKE, the Finnish Environmental Center and TEKES, the technology development center. 
A great thank to all these parties. Their role was important. Important was also the role of the 
two municipals allowing construction work with minimal bureaucracy on the landfills situated on 
their territory. 
Deep inside I believe that this project proceeded so smoothly because in all aspects the timing 
was perfect. It was like riding on a huge wave and at the end the wave was about to rush ahead 
faster than we. 
As we tried to keep people informed what was going on, they got interested and we soon started 
to get inquiries like "Who sells and where and what's the price" . At this stage it was clear to us 
that the end of this project will be the beginning of a Finncao company. 
The first fiber clay product designed was named Finncao L8. The "Finn" is very patriotic and 
cao tells about the main ingredient of the product. The letter L stands for the English word 
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"layer" and tells that the product is designed for the covering layer on landfills. - It also tells you 
that we seriously consider the possibility to go international since in Finland the letter for the 
word layer would be K. 
The number 8 indicates that in the impermeable layer, the k-value is guaranteed to be equal or 
smaller than 10-8 m/s. 
In the product ashes are spices - smaller in amounts but important in function. In the future 
there'll be other spices as well. 
Finncao company 
The company is new. It is so new that at the moment it only has the owners, the name and one 
hired employer temporarily acting as a managing director. It also has plenty of results and 
knowledge from the LIFE and the product design -projects. And it also has an empty bank 
account if anybody wishes to make a generous donation. But most of all - it owns a trademark. 
The idea of a trademark is to tell that Finncao in not only a fiber clay-ash-material spread on 
ground by anybody but it is a finished layer constructed by using a material that is produced, 
stored, transported and placed in a standardised and quality controlled way. The quality control 
reaches as far as planning the site, the delivery and years of monitoring afterwards. It covers the 
whole concept. 
The company was established mainly by those who produce the material for the Finncao concept. 
It is clear that a concept being able to use thousands of ton of waste every year has special 
importance to these companies. Looks like they have something to win in this game. The other 
winner is the environment. 
The new company, Finncao Ltd is now in a process of finding a managing director. Within a 
month it will have an office, and an address , and a mailbox. Early in this fall it will be prepared 
to start a new research and development program as well as making business connections. The 
size of the company will be kept minimal while most work will be done in a contact net including 
domestic and international research centers, consultants, authorities, companies, colleges and 
universities. 
If any of you feel you have extra value to bring in this net and for the good purpose of reusing 
wastes and side products, please contact me and I will turn you to the right person as soon as we 
know who it will be. 
The Finncao family 
This is only a start. We believe that the time has come for Finncao products. In the future 
Finncao L8 will have sisters and brothers. Besides ashes, fiber clay will be mixed with other 
materials - other spices as we say it. Fiber clay will also be a spice to other material mixes. The 
fiber clay family members will be used for many more purposes than just for landfill closing. 
Tomorrow on the excursion you'll see an example of the future possibilities. 
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If someone comes to me to ask how to succeed in product design out of waste, I'd answer that I 
don't know. I have experience on only this one case and there was not much we could have done 
differently - except being faster. 
I personally wouldn't count much on luck but now that the project is finished and a new project 
has started I wonder which one had more influence on our success - pure luck or perfect timing. 
Though, it would be nice to think it was only talent. What ever - we also had an enthusiastic 
team, a good plan and optimistic group of companies willing to finance our efforts. All those are 
needed for a good performance. So, thank you, thank you all. 
FINNCAO OY 
Contact person: Tarja Pinnioja-Saarinen 
Address: 	Finncao Oy, c/o Länsi-Uudenmaan Jätehuolto Oy 
Lohjanharjuntie 480, 08100 Lohja, Finland 
Phone: 	+358 19 3575556 
Fax: 	+358 19 3575557 
Email : 	pinnioj a-saarinen@rosknroll . fl 
Owners: 	Metsä-Serla Oyj 
UPM-Kymmene Oyj 
Helsinki Energy, City of Helsinki 
Rosk'n Roll 
Business idea: 
Environmental construction using industrial by-products and waste 
materials. 
Research and development of these materials. 
Research and development projects aim at: 
- understanding raw material and product characters 
- finding new mixes 
- developing quality control methods in the whole delivery chain 
- ensuring long time environmental safety 
- growing products lifecycle understanding 
- having new product innovations 
- having new monitoring innovations 
- finding the methods to control the storage and transporting conditions 
116 
CHARACTERISATION OF PULP AND PAPER WASTE 
MATERIALS AND THEIR FIELD OF APPLICATION 
Malin Gustavsson, Karolina Wiberg, Anna-Lena Öberg-Högsta 
Department of geotechnical engineering, Chalmers University of Technology 
ABSTRACT 
The main part of materials used for lining of landfills and road embankment constructions in 
Sweden today are conventional materials. The Swedish industry has a joint goal in minimising 
and re-using waste products. In this paper three different types of waste material from the pulp 
and paper industry have been studied. Both their geotechnical and environmental properties have 
been investigated. The materials show a limited impact on the environment according to the 
environmental assessments. The waste products studied show promising results and have 
potentials to be re-used, foremost as fines in landfill covers, in landscaping and as materials for 
road constructions. 
1. INTRODUCTION 
The main part of materials used for lining of landfill and road embankment constructions in 
Sweden today is conventional materials. Studying the possibility of using waste products as 
replacement for conventional materials has become interesting due to increasing environmental 
demands, together with a disposal fee that will be introduced in the year 2000 in Sweden. 
Therefore, the pulp and paper industry has a joint goal in minimising and re-using waste 
products. However, before utilising the waste materials it is necessary to determine both the 
technical and the environmental properties. In this paper three different types of waste material 
from the pulp and paper industry have been studied. The materials are paper mill sludge, lime grit 
and green liquor. Limited research has been conducted so far in Sweden concerning the 
characteristics of these materials. Hence, laboratory tests have been performed in order to 
determine the geotechnical and environmental properties. Furthermore, mixing and stabilisation 
with lime and cement have been tested in order to improve the deformation and strength 
properties as well as the availability potential for leaching. 
2. GEOTECHNICAL PARAMETERS 
In order to use pulp and paper waste in landfill and road construction it is important to determine 
their geotechnical parameters such as grain size distribution, water content, density, relative 
density and hydraulic conductivity together with strength and deformation properties. All three 
materials have therefore been characterised concerning these parameters. 
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Methods used for characterising the geotechnical parameters both in situ and in the laboratory 
were originally developed for characterisation of natural soils and may need to be modified when 
used for waste materials. Therefore, some modifications have been made mainly concerning the 
compaction and the evaluation of the stress-strain characteristics obtained from the oedometer 
tests on these materials. 
2.1 General description 
The paper mill sludge mainly consists of 60 % fibres and 40 % kaolin clay and is formed as 15-
25 mm flakes in the paper making process. Consequently, the fibres (so-called fines < 0.1 mm) 
are randomly oriented. The paper mill sludge has a natural water content of about 160-210% 
when leaving the industry process, which is rather high compared to a soft clay which normally 
has a water content of 50-80% . Compaction tests resulted in a dry density of 0.43 t/m3 at a water 
content of about 150%. This is consistent with results reported by Zimmie et al. (1995), who also 
showed that the maximum dry density for paper sludge is about 0.6-0.8 t/m3 at a water content of 
50%. 
The green liquor dregs consist of unburned carbon residues, calcium carbonate (CaCO3) and other 
inorganic particles such as Al and Si. Moreover, the colour is black, but when it dries, white 
layers are formed probably due to the high calcium content. The dregs are extremely fine and the 
grain size distribution is equivalent to a clayey silt. Green liquor dregs have a natural water 
content of about 170-180 %, and a maximum dry density, 0.9 t/m3, was obtained at a water 
content of about 25 %. 
The components in lime grit, which are separated from liquor slurry in a shaker, are unreacted 
lime, silt and sand. Lime grit has a calcium content of over 30% which probably exists as calcium 
carbonate (CaCO3) or as calcium oxide (CaO). Its colour is greenish and its grain size distribution 
is similar to a sandy material with a fine (<0.06 mm) content of about 10-20 %. The natural 
water content for the lime grit is substantially lower than the other two materials and is about 19-
23 %x . An optimal dry density of 1.7 t/m3 was obtained at a water content of 19 % , which is similar 
to sand and gravel. 
2.2 Stress-strain characteristics 
The deformation properties, or the stress-strain characteristics, of the materials were determined 
by constant rate of strain oedometer tests (CRS-test). The materials were generally compacted at 
their natural water contents to predetermined densities. 
Lime grit, which can be classified as coarse sand, is typically strain-hardening, and has a 
constraint modulus ranging from 2500 to 7500 kPa. Typical results are given in Figure 1, where 
the void ratio is plotted as a function of stress for different initial void ratios. Some grain crushing 
was noticed for higher stresses. 
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Figure 1. Void ratio versus effective vertical stress for lime grit. 
The other two materials, paper sludge and liquor drugs, are both highly compressible and can 
undergo large strain with little gain in stiffness. For most void ratios tested, both materials 
exhibited modulus numbers in the order of 8 to 10, which corresponds to a compressibility index 
Cc of about 1.3. 
2.2 Hydraulic conductivity 
The hydraulic conductivity for all three materials was determined in a.permeameter with different 
confining pressures by means of falling head tests, as well as evaluated from the CRS-test results. 
Typical test results are given in Figure 2. 
It can be noted that the hydraulic conductivity for the paper sludge and the green liquor dregs was 
around 10-9 m/s., it was about two orders of magnitude higher for the lime grit. A moderate 
increase in horizontal stress had little impact on the hydraulic conductivity. These values 
correspond well to values commonly found for clay and silty sand respectively. The hydraulic 
conductivity decreased about one order of magnitude for the sludge and the green liquor dregs 
when they were compressed 20-30 % and 10-15% respectively. 
The hydraulic conductivity evaluated from the CRS-tests yielded similar results. 
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Figure 2. Hydraulic conductivity for the three tested materials. 
3. STABILISATION OF PULP AND PAPER WASTE 
Waste products seldom have the technical and environmental properties necessary to fulfil the 
standard specifications given for landfill liners and road embankment construction materials. 
Also, the leaching of chemicals may be too high and make the materials inappropriate with 
respect to the environment. However, stabilisation with lime and/or cement can be made in order 
to improve the strength and deformation properties of a material. Positive secondary effects of 
stabilisation may be that the material may reach a denser structure, thereby decreasing the 
leaching of chemicals. However, the total amount of leaches will be the same, the difference 
being that the leaching process takes place during a longer time and at lower concentrations. 
Both the lime grit and the green liquor dregs contain a certain amount of lime and, therefore, in 
order to investigate the possible puzzolanic characteristics of these two materials, they were 
mixed with soft clay together with cement and lime. 
These mixtures were allowed to mature before testing. Unconfined compression tests were 
performed in order to determine the shear strength of the mixture. These tests showed little effect 
in strength increase due to the presence of lime grit or green liquor. The use of these materials as 
stabilizing agents is thus of Iimited interest. 
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Furthermore, the paper sludge was successfully stabilised with cement and lime and can thus be 
used for certain types of construction if properly stabilised. However, further investigations are 
120 
necessary to perform in order to determine me lowest percentage necessary to obtain a required 
stiffness. 
4. ENVIRONMENTAL PROPERTIES 
Besides geotechnical characteristics it is important to examine environmental properties before 
using waste materials in different fields of application. The amount of hazardous contaminants, 
which can be leached from the materials, depends on its future use and location. The amount of 
hazardous contaminants and the time during which water is in contact with a solid material will 
also influence the quantity of components leached from the waste materials. 
Leaching tests play an important role in the characterisation of waste materials, particularly in 
relation to assessments of their actual or potential environmental impacts when utilised or 
deposited. Different types of leaching tests are needed to address different aspects of leaching. 
The assessment of the environmental impact when utilising waste materials consists of analysis of 
the total concentration in the material and the leaching properties in terms of availability potential 
for leaching and release with time, see Figure 3. 
Accumulativ 	 Accumulative 
amount 	 amount 
Total concentration 
Available concentration -------------------------- 
Release with time 
Time 	 Time 
a) 
	
b) 
Figure 3. a) The total and the available content in each component and the time dependent 
release (Fällman & Hartlen, 1993). 
b) High and low movability 
There are no European standards today for performing these leachability tests, but in Sweden the 
Dutch method (NEN 7341) is often used for availability tests, and diffusion tests (NEN 7345, 
with modification) are used for estimating leaching with time through diffusion. The availability 
test gives as a result the cumulative elution of components (in mg per kg dry matter) which may 
occur under extreme conditions. The concentrations of components, which are found in the elute, 
have no direct relation with the anticipated leaching behaviour of the relevant material under 
practical conditions. The diffusion test can be used to determine the leaching behaviour of solids, 
non-granular building materials and waste products. On the basis of the diffusion test results, an 
assessment can be made of the time dependency of the leaching from the material under practical 
conditions. 
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When using waste materials in landfill or road constructions the results from the leaching tests can 
be compared with relevant data such as guidelines for contaminated soils or existing 
concentrations in natural soils. 
The total concentrations of inorganic constituents in paper mill sludge were compared with the 
total concentrations of components in Swedish moraine and are shown in Figure 4 (Kälvesten, 
1998). 
Cd 	Cr 	Cu 	Ni 	Pb 	Zn 
Figure 4. Total concentrations of Cd, Cr, Cu, Ni, Pb and Zn in paper mill sludge compared 
with Swedish moraine. 
The comparison with moraine is made due to the fact that residues from industrial processes, 
which are mainly inorganic, in many cases have properties that are similar to natural geological 
materials (Fällman, 1986). The comparison showed that no contaminants occur in high amounts. 
Hence, no leaching tests were considered necessary. However, in the case of lime grit and green 
liquor dregs both availability tests and diffusion tests were performed, since they were expected to 
contain some amounts of foremost cadmium, chrome and zinc. The available leached 
concentrations of cadmium, chrome, copper, nickel, lead and zinc from lime grit and green liquor 
dregs are shown in Figure 5 and are compared to available concentrations in Swedish moraine. 
Cd 	Cr 	Cu 	Ni 	Pb 	Zn 
Figure 5. Available concentrations of Cd, Cr, Cu, Ni, Pb and Zn in lime grit and green liquor 
dregs compared with Swedish moraine. 
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In lime grit, the available concentrations of cadmium, chrome and copper exceed the available 
concentrations in moraine. In green liquor dregs all the discussed components above, except lead, 
by far exceed the available concentrations in moraine. 
There is an ongoing debate in Sweden about whether the leaching of constituents will decrease or 
not if the waste product is stabilised. However, it is important to keep in mind that the stabiliser 
itself can contain high amounts of residues. For example, in cement there are high amounts of 
copper, cadmium and zinc (Kälvesten, 1998). 
Diffusion tests were performed on clay stabilised with cement and green liquor dregs respectively 
cement and lime grit. The impact on the environment caused by using a waste product as 
stabiliser was compared with the conventional stabilisation method of clay using lime and cement. 
The results from the performed diffusion tests showed that the release of cadmium, chrome, 
nickel, lead and zinc in clay, stabilised with cement and green liquor dregs, is very slow and is 
nowhere near the leachable fraction. This result is an example of very strong matrix retention. In 
case of copper almost the entire fraction available for leaching is released with time. In clay 
stabilised with cement and lime grit, the release of the constituents is medium high, according to 
the method NEN 7345. An example of the difference between high and low movability is shown 
in Figure 3b. 
A question is whether or not it is relevant to compare the environmental impact of the waste 
product with moraine and whether or not the moraine is representative. The very optimal 
procedure would be to have soil from the specific location as a reference when investigating the 
possible use of a waste product. However, this is in reality impossible. 
The results from the tests were also compared to the general guidelines for contaminated soils of 
the Swedish National Environment Protection Board (The Swedish Environmental Protection 
Agency, 1997). This comparison showed that the examined waste materials would have a limited 
impact on the environment. 
5. GUIDELINE FOR FUTURE USE 
The characteristics of the three waste materials have been compared with standard specifications 
for landfill liners and road embankment constructions (Gustafsson & Wiberg, 1998). The 
comparison resulted in guidelines regarding suitable future use of the studied waste materials. 
These are presented in Table 1. 
The paper mill sludge is, due to its low hydraulic conductivity, viable as barrier layer in landfill 
covers as reported by among others Quiroz and Zimmie (1997) and Moo-Young and Zimme 
(1996). Stabilisation with lime and cement showed an increase in shear strength and a reduction in 
compressibility. Consequently, stabilised paper mill sludge has a potential to be used as material 
in landfill liners and road embankment constructions. 
Lime grit can be used in road construction, for example as a layer of separation or as borrow 
material. However, before using the grit as sub-base or base course, more research is required. 
The low hydraulic conductivity of the green liquor dregs indicates that the material is suitable for 
landfill liner material. 
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Table 1. 	Guidelines for future use ofnaner mill sludge. lime grit and green liauor dreu.c 
Paper mill sludge Lime grit Green liquor dregs 
Road construction material 
Subbase and base course _ ? _ 
Borrow material 
+* + ?* 
Stabilisation (deep and 
surface) + 
Layer of separation 
Smaller roads (gravelled, 
+* + 
~ x bicycle and foot paths) 
Other uses 
Landscaping 
+ + 
Landfill cover 
+ + + 
+, Usable; - , Unusable; ?, Possibly usable—further research is required;* Stabilised waste 
product 
6. CONCLUSIONS 
The three waste products studied in this paper show promising results and have potentials to be 
re-used. The paper sludge is characterised by a low dry density, high initial water content, a low 
hydraulic conductivity and a high compressibility. Thus it has characteristics similar to that of 
clayey peat. Moreover, the lime grit is similar to a cohesionless material, when it comes to the 
bulk density, strain and hydraulic conductivity. The green liquor dregs have a high initial water 
content, low hydraulic conductivity and are very compressible. 
Furthermore, the shear strength of the paper sludge increased when stabilised but still the material 
is somewhat compressible. Clay stabilised with lime grit or green liquor dregs showed little effect 
in strength increase. Consequently, the puzzolanic effects of the lime grit and green liquor dregs 
are of limited interest. 
The study shows that due to its low hydraulic conductivity, paper mill sludge is, suitable for 
barrier layers in landfill covers. Lime grit can probably be used in road embankment 
constructions, i.e. as subbase or base course. Finally, green liquor dregs have a potential as 
impermeable landfill cover. The studied waste materials have a limited impact on the environment 
according to the environmental assessments. 
For all the fields of applications mentioned above further research is required. To perform field 
studies and to determine the unknown geotechnical parameters such as angle of friction, bearing 
capacity and resistance to demolition are recommendations for future research. The creation of a 
national standard in Sweden for characterisation and classification of waste materials would also 
be desirable. 
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NEW METHODS FOR THE RENOVATION 
OF GRAVEL ROADS 
Heikki Haavikko,Viatek Oy, Ltd / SGT 
ABSTRACT 
Low-volume gravel roads cover around 40 per cent or 29 000 - 30 000 km of the 
public roads in Finland. Additionally, there are considerably more private gravel 
roads. The imperfect structure of most of the gravel roads is the main reason for 
their significant frost and bearing capacity problems. FinnRa (The Finnish Road 
Administration) and Viatek Ltd have developed economic and sustainable methods 
to solve the gravel road problems in a R&D-project: New methods for the 
renovation of gravel roads. The new methods have been widely tested at the various 
test sites of the gravel road project. 
The project started in 1990, and it is now concentrating to study structural courses 
based on industrial by-products and stabilisation of old structural courses with 
industrial by-products. During the year 1998 three different test sites were 
constructed and Jämsä testsite was one of them. 
The gravel road project has produced new economical renovation methods according 
to the principles of the sustainable development. The new methods incorporate 
saving of natural stone resources and utilisation of industrial wastes instead of 
dumping them into landfills. Additionally, there are significant savings both for the 
road maintenance parties (FinnRa, municipalities) and for the industry. Also the 
road users benefit from the new renovation methods because of better road 
conditions in the longer run. 
TEST STRUCTURES / JÄMSÄ TESTSITE 
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Crushed gravel 10cm, # 0-16 mm. 
Byproduct layer 20 cm, stabilised with cement 
4 	Old structure 
Subsoil 
Picture 1. Test structures based on by-products. 
Crushed gravel 20-25cm. 
Georeinfo ice men t 
Old structure 
Subsoil 
Picture 2. Test structures based on georeinforcements 
Table 1. Test structures / Jämsä testsite 
Test material Binder Location * 
Fort James Finland fibre waste and UPM Kaipola ash 
mixed 100 : 40 
cement 7 % - 30 - 110 
Metsä Tissue fibre waste and Mänttä Energy ash mixed 
45 : 55 
cement 6,6 % 110 - 260 
UPM - Jämsänkoski fibre waste and ash mixed 20 : 135 cement 4,8 % 260 - 395 
Crushed Gravel 25 cm, including wearing course (1 - 395 - 610 
Steel Grid 5/7 mm # 150 mm with filter textile - 780 - 827 
Steel Grid 5/7 mm # 150 mm without filter textile - 827 - 881 
Comtrac 30/30 B20 Geotextilereinforcement - 881 - 928 
Tensare SS 30 Geogridreinforcement - 928 - 980 
Crushed Gravel 25 cm, including wearing course (1 - 980 - 1220 
UPM - Kaipola ash cement 4 % 1220 - 1400 
UPM - Jämsänkoski ash cement 6,2 % 1400 - 1520 
* = meters from the beginning of testroad 
(1 = "Traditional renovation". (New renovation methods can be compared with 
these structures. 
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EXPERIENCES AFTER CONSTRUCTION 
One hard winter and spring of Finland are now over after construction. All test 
structures have been working without remarkable problems and springtime traffic 
conditions are much better than before. The only problems are settlements and little 
collapses on the road edges. Those problems are due to too sharp road edges and 
soft subsoil which is situated very near to the road surface, so test structure cant get 
enough vertical support (test structures themselves have been working very well). 
Springtime bearing capacity is now clearly better on each test part. Average bearing 
capacity before construction (14.5. 1998) including whole test road was about 80 
MPa and after construction ( 12.5.1999) it was about 140 MPa. 
Picture 1. Mixing with "Sami-mixer" 
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Picture 2. Spreading of by-product material 
Picture 3. Compacting of by-product material 
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Appendix 1 o List of Participants 
THIRD INTERNATIONAL WORKSHOP ON THE USE 
OF PAPER INDUSTRY SLUDGES IN 
GEOTECHNOLOGY AND CONSTRUCTION 
Paper Sludge Workshop 
June 1-4, 1999, Helsinki 
Registrated participants 
Name Organization Country 
Ahlqvist Elina Viatek Ltd/SGT Finland 
Forsius Kaj Finnish Environment Institute Finland 
Forsman Juha Viatek Ltd Finland 
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Jouttijärvi Timo Finnish Environment Institute Finland 
Koikkalainen Kati Etelä-Karjalan Jätehuolto Oy Finland 
Korjus Helena Viatek Ltd Finland 
Kouki Juha UPM-Kymmene Energy Finland 
Kujala Kauko Finland 
Kuula-Väisänen Pirjo Tampere University of Finland 
Technology 
Kääriä Kalevi Viatek Ltd Finland 
Lahtinen Pentti Viatek Ltd/SGT Finland 
Laine-Ylijoki Jutta VTT Finland 
LaPlante Christine Union College USA 
Leppänen Mikko Viatek Ltd Finland 
Leppänen Minna Viatek Ltd Finland 
Lojander Matti Helsinki University of Finland 
Technology 
Loukola Erkki Finnish Environment Institute Finland 
Lönnqvist Stig Rosk'n Roll Finland 
Mitrofan Ioana Helsinki University of Romania 
Technology/ 
ERASMUS-student 
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Moo-Young Horace Lehigh University USA 
Nauska Jari Viatek Ltd Finland 
Nilsson Ulrika Swedish Geotechnical Sweden 
Institute 
Nissinen Timo Viatek Ltd Finland 
Palko Jukka Envitop Ltd Finland 
Pamo Juan Terra Nova Spain 
Pinnioja-Saarinen Tarja Rosk'n Roll Finland 
Puppala Anand The University of Texas at USA 
Arlington 
Pöyry Jukka Rosk'n Roll Finland 
Rantala Pirjo-Riitta Pirkanmaa Regional Finland 
Environmental Centre 
Rekonen Rita Helsinki University of Finland 
Technology 
Ronkainen Marjo Viatek Ltd/SGT Finland 
Ruonala Seppo Finnish Environment Institute Finland 
Saajoranta Juha Etelä-Karjalan Jätehuolto Oy Finland 
Saarela Jouko Finnish Environment Institute Finland 
Sarkkila Jouni Finnish Environment Institute Finland 
Sarsby R. W. Bolton Institute United Kingdom 
Schu Cyrille Fort James Europe France 
Schwab Erich Österreichisches Forschungs- Austria 
und Prufzentrum Arsenal 
Ges.m.b.H. 
Smolander Antti Viatek Ltd Finland 
Svedberg Bo Scandiaconsult Sweden 
Tähtinen Marika Viatek Ltd Finland 
Valkonen Anne Tampere University of Finland 
Technology 
Vehmas Mika Viatek Ltd, Oulu Finland 
Westergren Ilkka UPM-Kymmene, Finland 
Kaukas Pulp mill 
Vitton Stanley Michigan Technological USA 
University 
Zimmie Thomas Rensselaer Polytechnic Institute USA 
Zulueta Aitor Terra Nova Spain 
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Appendix 2. Programme, Sponsors and Committees 
SEMINAR PROGRAMME 
Place: Helsinki University of Technology, Department of Civil and Environmental 
EngineeringAddress: Rakentajanaukio 4 A, Espoo (Otaniemi) 
Monday May 31 
18.00 - 20.00 	Registration possibility at Helsinki University of technology (see above) 
Tuesday June 1 
8.30 - 10.00 	Registration 
10.00 - 10.15 	Welcome to Helsinki University of Technology 
Matti Lojander, Helsinki University of Technology, Finland 
10.15 - 10.30 	Seminar Opening 
Jouko Saarela, Finnish Environment Institute, Finland 
Keijo Haavikko, Viatek Ltd. 
"Technical Possibilities of Paper Sludge Utilization" 
10.30 - 11.00 	Keynote Lecture: Thomas F. Zimmie, Rensselaer Polytechnic Institute, 
USA 
11.00 - 11.30 	Stanley Vitton, Michigan Technological University, USA 
AUse of Paper Sludge in the Control of Fugitive Dust@ 
11.30 - 12.00 	Discussion 
12.00 - 13.00 	Lunch 
13.00 - 13.30 	Thomas F. Zinunie, Rensselaer Polytechnic Institute, USA. 
AFactors of Safety for Paper Mill Sludge Landfill Cover Slope Stability@ 
13.30 - 14.00 	Christine LaPlante, Union College, USA. 
ALandfill Slope Instabilities Caused by Geomembrane-Paper Mill Sludge 
Composite Hydraulic Barriers@ 
14.00 - 14.30 	Coffee break 
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14.30 - 15.00 	Erich Schwab, Österreichisches Forschungs- und Prufzentrum Arsenal 
Ges.m.b.H., Austria 
"Stabilization of aggregates, soils and recycling materials" 
15.00 - 16.00 	Discussion 
19.00 - 22.00 	Evening programme: dinner on ice-breaker " URHO" 
Wednesday June 2 
9.00 - 9.30 	Registration 
"Environmental Prospects of Paper Sludge Utilization" 
9.30 - 10.00 	Keynote Lecture: Marika Tähtinen, Viatek Ltd., Finland 
10.00 - 10.30 	Pirjo-Riitta Rantala, Pirkanmaa Regional Environmental Centre, Finland 
"Utilization of Pulp and Paper Sludges - An Authority Overview" 
"The Future of Paper Industry Waste Management" 
10.30 - 11.00 	Keynote Lecture: Horace K. Moo-Young Jr., Lehigh University, USA 
11.00 - 11.30 	Discussion 
11.30-12.30 	Lunch 
"Economical Experience and Business Opportunities" 
12.30 -13.00 	Lena Gers, The Ecogeo Technology Programme, Finland 
"New Materials in Earth Construction" 
13.00 - 13.30 	Virpi Haapakari, Ministry of finance, Finland 
"The Finnish Waste Tax" 
13.30 - 14.00 	Coffee break 
14.00 - 14.30 	Keijo Haavikko, Viatek Ltd, Finland 
AControlled Closing and After-Treatment of Landfills with the Waste 
Materials of Energy Production and Industry B Method Development@ 
14.30 - 15.00 	Tarja Pinnioja-Saarinen, Finncao Ltd, Finland 
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"Finncao" 
15.00 - 16.00 	Discussion and Conclusions 
TECHNICAL VISITS 
Thursday June 3 
8.00 - 8.30 	Departure from Helsinki (In front of Restaurant Fennia, Mikonkatu 17) 
Espoo, Tapiola Garden Hotel 
9.30 - 10.30 	Vihti, Koivissilta landfill 
Hosting Solid Waste Management of West Uusimaa, Rosk'n Roll 
Lunch break 
14.30 - 17.00 	Jämsä, Turkinkylä-Tyry road construction; 
UPM-Kymmene industrial landfill 
Hosting UPM-Kymmene and Viatek 
17.00 - 21.00 	Himos resort, Dinner (19 - 21) and sauna (17 - 19) 
21.00 	 Departure towards Helsinki 
around midnight 	Helsinki 
POST WORKSHOP TRIP TO KONEVITSA 
Friday June 4 
9.00 Departure from Jämsä towards Konevitsa 
12.30 Lunch break 
13.30 Vaalimaa 
19.00 Käkisalmi 
19.30 Dinner 
Saturday June 5 
9.00 Departure from Käkisalmi 
10.00 Ferry to Konevitsa (Sortanlahti) 
14.00 Departure 
17.00 -18.00 Dinner (Viipuri) 
18.30 Vaalimaa 
app. 21.30 Helsinki - (via airport if needed) 
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Director M. Leppänen, Viatek Ltd., Finland 
Managing Director S. Lönnqvist, Solid Waste Management of West 
Uusimaa Ltd., Finland 
Advisor V. Ailasmaa, Finnish Forest Industries Federation, Finland 
Prof. M. Lojander, Helsinki University of Technology, Finland 
Dr. P. Hynninen, Helsinki University of Technology, Finland 
Dr. I. Wartiovaara, Finnish Pulp and Paper Research Institute, Finland 
Secretary: 	M.Sc. (Eng.) M. Tähtinen, Viatek Ltd., Finland 
INTERNATIONAL ADVISORY COMMITTEE 
Prof. D. Leshchinsky, University of Delaware, USA 
Ass. Prof. S. J. Vitton, Michigan Technological University, USA 
Prof. H. J. Siriwardane, West Virginia University, USA 
Prof. H. K. Moo-Young Jr., Lehigh University, USA 
Prof. T. Cassia de Brito Galvao, Escola de Engenharia da UFMG, Brazil 
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Appendix 3. Programme Paper sludge workshop in the papers (English memo) 
PAPER SLUDGE WORKSHOP IN THE PAPERS (ENGLISH MEMO) 
(1) SUOMEN KIINTEISTÖLEHTI 6/1999 (FINNISH REAL ESTATE 
JOURNAL) 
"Sustainable development on the landfills that are being closed down" 
- Finland and USA are the pioneers 
- Finncao project and product presented 
(2) LUOTEIS-UUSIMAA 8.6.1999 (NORTHWESTERN UUSIMAA) 
"After-treatment model of Koivissilta landfill put on the market" 
" Fibre clay researchers visited Koivissilta" 
- waste as covering material 
- Finncao consept 
- New company 
- Economical method 
- Used in about ten sites in Finland 
"Foreigners amazed" 
"Top know how in Finland" 
- American professor Thomas F. Zimmie considered the method used in Koivissilta very good 
- The Finnish are the leaders in the mixing of fibre clay and fly ash, in the States fibre clay is 
mostly used alone 
(3) VIHDIN SANOMAT 6.6.1999 (VIHTI PAPER) 
"Experts from around the world in Koivissilta" 
"Fibre clay suits on closed landfills" 
- Myllypuro case (and other similar ones) make people understand the importance of proper 
landfill after-care 
"Finland is clean" 
- American professor Horace Moo-Young, who is born in Jamaica and does research on landfill 
impacts in Lehigh University, was one of the visitors 
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- During the last ten years small landfills (like Koivissilta) have been closed and replaced with 
big recycling plants in USA 
- At first this made the fees rise, but now the competition has changed the situation 
"The `dirty' places that have been shown to us are not dirty." 
(4) LÄNSI-UUSIMAA 4.6.1999 (WEST UUSIMAA) 
"International group of researchers got to know the method in Vihti" 
"Commercial after-treatment concept was developed in Koivissilta landfill" 
- "Economical solution" 
- "Finncao Ltd. was established in May" 
- "Legislation as restraint in Europe" 
"Koivissilta landfill can hardly be recognised as landfill any more" 
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